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1.0 INTRODUCTION 
In August 2001 the United States selected Chiriin & Associates, Inc. ("CAI") to provide 
review and expert testimony concerning the Sauget Area 1 Superf und site located within 
the towns of Sauget (formeriy Monsanto) arxj Cahokia, Illinois. The designation of "Area 
1" follows that of the United States Environmental Protection Agency ("USEPA") and 
includes five fill areas (Sites G, H, I, L, and N), one former borrow pit (Site M), and five 
segments of Dead Creek (CS-B through CS-F) (Roux 2001 pg. i). Former creek segment 
CS-A lies witfrin Site I but is discussed separately in this report. 

This report addresses the following issues: 

• What hazardous substances have t>een released to the ground water at the 
Site; 
• where did these hazardous substances enter the ground; 
• what is the former and current direction of ground-water flow; and 
• what is the current composition and spatial distribution of ground-water 
contamination? 

Area 1 comprises only a portion of a larger land area which contains additional 
hazardous waste disposal sites and contaminated environmental media. In particular, to 
the west of Area 1 lies the Sauget Area 2 Superfund Site which includes several known 
disposal areas. This report addresses only Sauget Area 1. 

1.1 identification of Expert 

This report was prepared by Gary R. Chiriin, Ph.D., P.E., principal of Chiriin & 
Associates, Inc. His resume, testimony provkled by Dr. Chiriin as an expert witness 
during the previous four years or more, publications from the last ten years, and 
compensation for this project are listed in Appendices A, B, C and D, respectively. 

1.2 Information Relied Upon for Factual Background 

Documents and other sources of information relied upon in preparation of tiiis report are 
cited in the text and listed in the Reference List (Section 7) of this report. 

1.3 Organization of the Report 

Section 2 reviews Site environmental investigations conducted by government and 
industry; Section 3 describes known Site land disposal areas and other potential sources 
of ground-water contaminarrts, including contaminated surface waters and leaking 
sewers; Section 4 describes Site hydrology, geotogy and hydrogeotogy; Section 5 
examines the distribution of contaminants in ground water at the Site; and Section 6 
interprets these data and draws conclusions. 

Chiriin & Associates, Inc. 1-1 
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2.0 PREVIOUS STUDIES 
The Village of Sauget, tiie Illinois Environmental Protection Agency ("lEPA"), the 
USEPA, their contractors, and Defendants and their contractors conducted 
investigations of the Site during the 1960s, 1980s, 1990s, and eariy 2000s. This section 
briefly descrit)es field investigation activities of ttiese studies. Figures 2.1 and 2.2 show 
industrial properties, roads, and named waste areas and creek segments within and 
near to Sauget Area 1. 

2.1 Village Sewer Studies 1932-1994 

It is my understanding that the report t)y Mr. Mark Klingenstein, an expert witness for the 
US in this litigation, includes a review of Village sewer stijdies. 

2.2 Ini t ial Environmental Investigations—lEPA 1980-81 

In July 1979 and again in May 1980 ttie IHinois Environmental Protection Agency (lEPA) 
received complaints concerning a site in Cahokia that contained randomly dumped, 
periodically smoldering materials in a ditch (Dead Creek). When in August 1980 a 
neighborhood resident's dog rolled in Dead Creek and died apparentiy due to chemical 
bums, it t>ecame dear to lEPA ttiat further investigation was required. (lEPA 1981 pg. 1; 
E&E May 1988 pg. 2-56). 

During September through November 1980 lEPA performed 
(1) Dead Creek sediment and water sampling in all creek segments, and 
(2) qualitative air sampling in CS-B (E&E May 1988 pp. 2-57 and 2-58). 

Between October 1980-April 1981 the Ground Water Management Section of the 
Division of Land/Noise Pollution Control of lEPA conducted a sbjdy, authored by Ron St. 
John, "to determine the hydrogeologic framework at Dead Creek and to discuss possible 
disposal sites and their impact on ground water, surface water, soil and plants in the 
area" (lEPA 1981 pg. 1). Although some data were collected elsewhere, the stijdy area 
was defined as a rectangle covering most of the land between Queeny Ave., Judith 
Lane, Route 3 and Falling Springs Road, thus encompassing Segment B of Dead Creek 
and Sites G, H, L, and M. Site I also is discussed.^ 

The study included review of lEPA files and geologic and hydrogeologic literature. Waste 
disposal activities and areas were investigated using historical records, interviews of 
local residents, stereo viewing of aerial photographs from 1937, 1940, 1950, 1955 and 
1962, review of a 1973 US Anmy Corps of Engineers map, and a December 1980 
thermal infrared survey (multispectral scanner data and color infrared photographs) by 
Environmental Monitoring Systems Laboratory ("EMSL")^. Field activities included 
(1) five hand auger borings in the creek bottom, 
(2) soil samples (for physical and chemical analysis), 
(3) twelve test holes completed with monitoring wells (G101 through G112), 

^ The Area 1 lettered Sites are described in Sectton 3.1. 
^ EMSL was a USEPA c 
requested this analysis. 
^ EMSL was a USEPA contractor specializing in photographk: interpretation. USEPA Region V 
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(4) occasional ground-water elevation measurements, and 
(5) ground-water samples from monitoring wells and private wells. 
Geophysical surveys including a metal detection survey and a seismic survey were 
attempted but proved uninformative. (lEPA 1981 pp. 1, 2, 6,12, and Fig. 1). 

2.3 U m i t e d Investigations—USEPA 1981-1982 

In September 1981 USEPA formed a Sauget task force to investigate past and present 
waste disposal activities in the Sauget vicinity. "Limited investigations and interviews" 
were conducted at Sauget area industries (E&E May 1988 pg. 2-59). 

In March 1982 USEPA or its conti^ctor collected several environmental samples 
including (E&E May 1988 pg. 2-60) 
(1) private well and garden soil samples at residences in the Dead creek area, 
(2) sediments in CS-A, 
(3) ground water from a well at Cerro Copper, and 
(4) air samples at CS-B. 

2.4 Inspections—lEPA 1984 

In October 1984 lEPA conducted inspections at Site G and CS-B in order to determine 
the scope of proposed cleanup, and collected three samples (WS-1, 2, 3) of oily pits at 
Site G (E&E May 1988, pg. 2-63). 

2.5 Monsanto Groundwater Study—Geraghty & Mil ler 1983-86 

In 1983 Monsanto retained Geraghty & Miller, Inc. ("G&M") to perform hydrogeologic 
investigations at the WGK facility and Site R (then known as the Monsanto Landfill). 
These facilities are not within Area 1, but the WGK plant study does provide information 
of interest here. The wori^ is descrit)ed in G&M (1986); its purpose was "to determine the 
direction and rate of ground-water flow and to characterize ground-water quality" (G&M 
1986, pg. 1). During field activities at the WGK plant G&M 
(1) performed soil tx)rings, 
(2) installed over 40 monitoring wells (GM-#), 
(3) periodically sampled the monitoring wells, certain dewatering wells, and two offsite 

wells (WB-6, WB-7), 
(4) slug-tested three wells for shallow hydraulic conductivity, and 
(5) measured ground-water elevation. 

G&M delineated source areas at WGK, discussed historical and contemporaneous 
ground-water flow patterns and velocities, identified and quantified ground-water 
contaminants (including botii priority pollutant list and library-search compounds) and 
inferred migration routes of ground-water contamination. (G&M 1986 Vol. 1, Table 11, 
Vol. 2 pp. 2-3; E&E May 1988 pp. 2-71 to 2-72). 

2.6 Expanded Site Investigation—E&E 1985-1988 

Between July 1985 and May 1988 lEPA contractor Ecology & Environment, Inc. ("E&E") 
corxJucted an expanded site investigation of the so-called Dead Creek Project ("DCP") 
sites. E&E defined DCP Area 1 to include four suspected waste disposal sites (G, H, I 
and L) and Dead Creek sectors A an6 B; DCP Area 2 to include three suspected waste 
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disposal areas (O, Q and R); and tiie DCP Peripheral Sites to include five suspected 
waste disposal sites (J, K, M, N, and P) and Dead Creek segments C through F. These 
three "Area" definitions are superceded in subsequent documents. 

Field activities for the E&E expanded site investigation occunred during October and 
December 1985 (surface geophysics only) and November 1986 through July 1987. They 
included: 
(1) surface geophysics, including magnetometry to locate buried ferrous materials such 

as drums, and elecb'omagnetic ["EMI induction surveys to characterize subsurface 
materials and identify contaminant plumes; 

(2) soil gas surveys at 85 Area 1 stations to identify significantiy contaminated areas, 
delineate tKXjrxlaries of fonmer excavations, and determine contaminant migration 
routes; 

(3) surface soil samples at 76 stations (41 analyzed after screening) in Site G and two in 
Site J to characterize waste types and overall extent of surface contamination; 

(4) thirteen surface water samples and 33 sediment samples from Dead Creek 
segments CS-A through CS-D; 

(5) subsurface t)orings at 71 stations, many within waste sites, all logged arxJ sampled 
for chemical analysis; 

(6) groundwater-related activities including installation of 35 shallow ground-water 
monitoring wells (EE-#, EE-G#), hydraulic conductivity slug tests at 15 of the wells, 
water level measurements on three dates in 1987, and 56 ground-water samples 
from new and existing monitoring wells and private wells; and 

(7) air samples at six kxxitions near the creek and six locations adjacent to tt>e 
Mississippi River. (E&E May 1988 pp. 1 through 3, Sect 3). 

E&E (May 1988) describes historical disposal activities; local ground-water supply 
usage; waste area features inferred from magnetometry, borings, and soil gas; historical 
and contemporaneous ground-water flow properties; and surface-water, sediment, and 
ground-water contaminant concentrations and distributions. 

2.7 G&M Site Invest igat ion at Sites L, M. CS-B 1991-1992 

Monsanto retained G&M to characterize sites L, M and CS-B by determining the nature 
and extent of sediment/fill materials and estimating the volume of materials affected by 
organic or metal contaminants. Field work during this effort included collection and 
targeted chemical analyses of sediment samples from 30 borings along 10 transects in 
CS-B, six tarings in Site L, and 10 t}orir)gs in Site M. The G&M fiekj team was not given 
permission to enter ttie upstream 450 feet of CS-B, which is adjacent to Site G. (G&M 
1992, Sect. 2.3). 

2.8 E & E Data Compilat ion 1998 

At the request of the USEPA, E&E compiled arxJ sumniarized existing technical data for 
the sites in Sauget Area 1 and Sauget Area 2. The work was conducted to support 
enforcement, cleanup oversight, and cost recovery efforts (E&E 1998 pg. 1-1). For each 
Site the summary document includes a site description, a site narrative listing known 
sampling events with a brief characterization of contamination, and maps and data 
tables. The Area 1 report addresses the following Sites: G; H; L; I and CS-A; M and CS-
B; N and CS-C; CS-D and CS-E; CS-F; and 'Area 1 Groundwater." 

Chiriin & Associates, Inc. 2-3 
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2.9 UAO #1 Dead Creek Culvert Upgrade 1999 

A Unilateral Administiative Order ("UACO was issued by USEPA to Solutia, Inc.' on 
June 21,1999. The UAO requires replacement of selected culverts along Dead Creek in 
order to improve hydraulic efficiencies (Roux 2001, pg. ii). Agreement was reactied to 
replace only the culverts at Cargill Road and at ttie Terminal Railroad Embankment; tx}th 
are located along creek segment CS-F. That wori^ is complete (Solutia 2002 pg. 1-11). 

2.10 UAO #2 Sediment Removals 2000 - 2002 

A second UAO was issued by USEPA to Solutia, Inc. on May 31, 2000. This UAO 
"requires ttie removal of affected sediments from Dead Creek Segments CS-B, C, D, E, 
a portion of F, and Site M, and subsequent placement in a containment cell to t>e 
constructed adjacent to CS-B." The UAO was amended to include appropriate response 
actions for the remainder of CS-F and Borrow Pit Lake. It is intended tiiat these renrK>val 
actions effectively eliminate identified sediment b^nsport and exposure pathways at 
Dead Creek. (Roux 2001, pg. ii). A Time Critical Removal Action Woric Plan was 
submitted to the USEPA on June 30, 2000. arxJ installation of a sediment dewatering 
system began in November 2000. Confirmatory sediment sampling was corxjucted to 
determine when sufficient material was removed. A liner was placed over portions of the 
excavated creek bed. A risk evaluation was conducted by Solutia at the conclusion of 
the sediment removal to characterize risk to human health and the environment (Solutia 
2002). 

2.11 WGK Current Condit ions Report—Solutia 2000 

In response to an Administrative Order ("AO"), Solutia prepared a report summarizing 
the nature and extent of hazardous substances released from the Monsanto (now 
Solutia) William G. Krummrich ("WGK") facility, including interpreted ground-water 
contaminant plume diagrams. The study also contains summaries of historic operations 
and reported post-1981 spills at the plant of compounds detected in ground waters at 
the plant, and of recent ground-water and soil sampling results. For nearby facilities 
historical activities, wastes released to soil, ground water, and sewers, and soil and 
ground-water quality are described, including at three industries upgradient of Area 1 
(Steriing Steel, Mobil, T.J. Moss). A sampling plan is proposed to meet two additional 
requirements of the AO: an evaluation of ttie stability of contaminated ground-water 
migration from WGK and analyses of risks posed by releases. (Solutia March 2000). 
WGK lies outside of Area 1, but the report provides information useful to this report, 
including appendices containing site-wide data and reports. 

2.12 EE/CA and RI/FS—Solutia 1999-2001 

During 1999-2001 Solutia, Inc. performed a combined Engineering Evaluation/Cost 
Analysis—Remedial Investigation/Feasibility Study ("EE/CA—RI/FS") for Area 1. The 
EE/CA addresses removal action selection for affected soils, sediments, surface water 
and air, the RI/FS addresses remedial action selection for affected ground water. Site 
characterization activities of ttie two studies were merged into a single woric plan 
referred to as the Support Sampling Plan ("SSP"). The environmental data collection 

^ Solutia Inc. was created when Monsanto spun off its chemical businesses in 1997. 
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effort underiying the EE/CA—RI/FS is documented by tiie SSP (Solutia June 1999)* , a 
Field Sampling Report ("FSR"; OBG September 2000), a Support Sampling Plan Data 
Report (Solutia January 2001), and a data validation report (OBG August 2000). 

Principal investigative and assessment components of ttie EE/CA—RI/FS addressed 
delineation of source area tx)undaries, characterization of aquifer parameters, 
delineation of constitijents of potential concern ("COPC") in soil, sediment and ground 
water and evaluation of the potential presence of COPCs in surface water and air, and 
leactiate pilot treatability studies^. These results were used in turn to complete hunnan 
health and ecobgical risk assessments' and to prepare the EE/CA and RI/FS reports. 
(Roux 2001, pp. ii-iii). 

More specifically, field activities of the SSP included 
(1) viewing aerial photographs, performing elevation surveys at the sites, reviewing 

topographic maps; 
(2) boundary test blenches to better delineate fill areas; 
(3) soil gas surveys; 
(4) waste sampling; 
(5) magnetometer survey; 
(6) buried dmm and tank kJentification; 
(7) ground-water sampling^ for cyanide, dioxins, herbicides, mercury, metals, PCBs, 

pesticides, SVOCs, and VOCs; 
(8) aquifer (slug) testing; 
(9) soil sampling in areas subject to flooding or deposition of windblown dust; 
(10) soil sampling for grain-size analysis; 
(11) sediment sampling; 
(12) surface water sampling; and 
(13) air sampling (Roux 2001 Sect. 3). 

The EE/CA—RI/FS does not attempt to establish the origin of contaminants at industrial 
facilities witiiin or adjacent to the Site: "Characterization of sources at industrial facilities 
and characterization of the extent of migration from ttiese sources through ttie soil, 
surface water, sediment, ground water or air pathways was not included in the scope of 
the AOC" (Roux 2001 pg. 1-1). However, section 5 of ttie EE/CA—RI/FS does address 
the source, nature and extent of contamination from specific lettered waste disposal 
sites within Area 1. 

The EE/CA identifies four alternative fill area removal actions, and the focused feasibility 
study identifies two alternative ground-water remedies. The flnal Site response action 
has not yet t}een selected. It may be one of the combined alternatives or may contain a 

" The Solutia SSP includes a Field Sampling Plan ("FSP"; OBG June 1999), Quality Assurance 
Project Plan CQAPP"; OBG August 1999), and Health and Safety Plan (OBG June 1999b). 
^ Planned waste treatat)ility studies proved to be infeasible (Roux 2001 Appendix A). 
^ Creek Segments B, C, 0, E, and F, as well as Site M, were excluded from the two risk 
assessments because these sources are to tie eliminated by the UAO #2 sediment removal 
action (Roux 2001 pg. iv). 
^ Most samples were collected from existing monitoring wells. However, for wells that no longer 
existed or coukl not be sampled, the EE/CA—RI/FS collected samples by advancing a Geoprobe 
and obtaining a ground-water sample from ttie appropriate depth interval (Roux 2001 pg. 3-10). 
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different mix of ttie component actions identified in the EE/CA—RI/FS. Regardless of the 
selected remedy, restoration of ground-water quality is expected to take several hundred 
years. (Roux 2(X)1 pg. vi). 

Chiriin & Associates, Inc. 2-6 
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3.0 WASTE DISPOSAL 

3.1 Waste Disposal Areas 

Area 1 contains several waste disposal sites which have been named alphabetically. 
These include ttiree closed landfills (Sites G, H and 1), two backfilled former surface 
impoundments (both comprising Site L), one inundated former borrow pit (Site M) and 
one backfilled bon'ow pit filled principally with construction debris (Site N) (Roux 2001 
Sect. 5.2). Area 1 also contains almost ttie entirety of historical Dead Creek, and all of its 
current channel, including from the Alton & Souttiem RR tracks to ttie mouth at Prairie 
du Pont Creek. Most of the waste disposal areas at the Site initially were identified by 
lEPA. To ttiat end lEPA relied in substantial part on examination of historical aerial 
photographs. However, by the date of the eariiest available aerial photograph, taken in 
1937, the Sauget area already was significantly industrialized. lEPA contractor E&E 
deemed it probable ttiat uncharacterized industiial waste disposal activity predated ttie 
first photograph. (E&E May 1988, pg. 2-42). 

The following sections describe evidence of site- and creek segment-specific waste 
disposal at ttie lettered Area 1 Sites. These descriptions are drawn from reported 
findings of lEPA, E&E, G&M, Roux/Solutia, and Environmental Research, Inc. ("ERI") 
and are based on historical information, interpretation of aerial photographs, and some 
of the field investigations descrit>ed in Section 2. Aerial photographs from the following 
years were used by lEPA and E&E to interpret disposal activities: 1937, 1940, 1950, 
1955, 1962, 1973, 1978, and 1985 (lEPA 1981, E&E May 1988). Aerial photographs 
from the following years were used by ERI (2002) to interpret disposal activities: 1937, 
1940, 1943, 1945, 1947, 1948, 1950, 1953, 1955, 1960, 1962, 1967, 1968, 1971, 1973, 
1974, 1975, 1977, 1978, 1979, 1982, 1985, 1988, 1993, 1998 (ERI 2002 pg. 8, Table 2). 
Not all Sites are covered by every photo. Historical infonmation was obtained principally 
from Roux (2001, Sect. 2.2), much of which is repeated in Solutia (2002, Sect. 2.1). Most 
of the Area 1 waste and soils chemical data were collected during the E&E (May 1988), 
G&M (1992), and Roux (2001) field investigations; E&E (1998) provides a tabulation 
through its publication date, and OBG (August 2000) and Solutia (January 2001) report 
the EE/CA—RI/FS field data. 

Set of reviewed chemicals. For ttie purposes of ttiis report the United States provided 
me with a set of chemicals to be reviewed. I have reduced the US's list by five 
chemicals' which were not analyzed during ttie EE/CA—RI/FS. I have not further 
considered ttiree chemicals' ttiat v^re not detected in any ground-water sample during 
the EE/CA—RI/FS. Finally, I have added 14 chemicals which occurred repeatedly in 
ground-water samples^". The 60 analytes in tiiis set are listed in Table 3.1; in this report I 

° t}enzyi chloride, 2-chloroaniline, 4-chlorophenol, 1,2,4,5-tetrachlorobenzene, 1,2,3,4-
tetrachlorot)enzene 
® 3-nitroaniline, 2-nitrophenol, 4-nitrophenol 
°̂ 2-chlorophenol, 4-chloroaniline, PCBs, chlorofonn, 2,4,5-trichlorophenol, 2,4,6-trichlorophenol, 

cari3azole, benzo(K)fluoranthene, 1,2-dichloroethene, MCPP, molybdenum, tetrachloroethene, 
trichloroethene, vinyl chloride 
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refer to them as ttie "diemicals of interest" (and "VOCs of interest", "metals of interest", 
etc.). 

A note on backgmund metals concentrations. In general the organic compounds 
reported in Site samples are not naturally occurring and therefore represent releases to 
ttie environment. On ttie otiier hand, ttie metals reported in wastes, soils and sediments 
also are naturally occurring to some degree. Therefore background concentrations are 
required to determine whether observed concentrations are elevated. In order to 
establish background concentrations of heavy metals for soils and sediment samples, 
E&E (May 1988, pp. 3-19, 3-34, 4-102.4-112) and Solutia (2001, pg. 3-19; data at 
Solutia January 2001 Tables 2-6, 3-6) use selected k)cal samples. Conversely, G&M 
(1992) uses values typical of pedalfers (a soil type common to humid regions) as 
reported by a US Geological Survey ("USGS") study. G&M does not use local samples 
for background data because "it is suspected that all of Dead Creek may have t>een 
affected by past activities in ttie area" (G&M 1992 pg. 4-2). In this report I use ttie local 
samples selected by E&E and the EE/CA—RI/FS to establish background soil/sediment 
quality. To the extent that ttiose samples contain anthropogenic metals, my approach 
tends to err on the side of underestimating releases from the Area 1 Sites. A summary of 
those data for the metals of interest is provided in Table 3.10. 

3.1.1 SiteG 
Site G is a former surface and subsurface disposal area which occupies about five 
acres. The approximate tx>undary of Site G is shown in Solutia (2001 Fig. 3-1). The Site 
extends from Dead Creek segment CS-B on the east to approximately ttie midline of the 
Wiese Engineering building on ttie west, and from Queeny Avenue on the north to a field 
on the south. The eariiest excavation at Site G is visible in 1950, and disposal first 
becomes evident in the 1953 photo. 

Investigators differ somev^at on the date of last disposal of industrial wastes at Site G. 
Roux (2001, pg. 2-2) states ttiat activities halted in 1966; E&E (May 1988 pp. 2-48, G-1) 
specifies some time between 1962-1973; E&E (1998, pg. US06872 excerpted from an 
lEPA site screening document) places activity into the late 1970's; and ERI (2002 pp. 5, 
10) reports activity through at least 1982. These apparent inconsistencies may reflect 
different interpretations of "active disposal" (e.g., into excavated pits vs. dumping of 
debris). In Octot>er 1980 lEPA sampled subsurface soils and installed monitoring wells 
at Site G (lEPA 1961). Site G was subject to intermittent dumping from the end of active 
disposal until it was fenced for the first time in May 1987 (E&E May 1988 pg. G-1; 
Solutia 2001 pg. 2-2). 

Aerial photographic interpreters report the following for Site G. No excavation is yet 
apparent at Site G in 1940 or 1945. A relatively small pit with liquid exists in 1950. 
Excavations with mediunvtoned and dari<-toned liquids are evident beginning in 1953. In 
1955 multi-toned material and debris are seen in a southern excavation, and in 1960 
such materials and debris are evident across ttie site. In 1973 the new Wiese 
Engineering building is seen along the west side of Site G where previous photos 
indicated disposal activity. E&E (May 1988 pg. 2-48) infers that active disposal appears 
to have ended by the 1973 photo, and that conditions in the 1978 and 1985 photos are 
similar to ttiose encountered during 1981 and 1985-1987 I EPA field wori(. ERI (2002 pp. 
5, 10) reports various-toned material and liquids and debris in the eastem portion of the 
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site ttirough 1982 and graded medium-toned material in westem Site G in 1979, both 
indicative of disposal activities. (E&E May 1988, pp. 2-5, 2-42, 2-45, 2-48, 2-51, G-1; ERI 
2002 pp. 10-11). With respect to the SW comer of Site G, aerial photographs do not 
indicate any excavation or any disposal other than of surfidal debris (M. Sitton, pers. 
comm. 10/7/02). 

In 1986 the surface of Site G was observed by lEPA contractor E&E to be littered witti 
demolition debris and metal wastes. Two small pits in the northeast and east-central 
portions exhibited oily and tar-like wastes and scattered corroded drums. Twenty to thirty 
deteriorated drums were scattered along an east-west ridge near the south end of the 
site; several additional corroded drums protruded from a mounded area in the westem 
portion of the site; and a large depression just south of the mound received runoff from a 
sizeable portion of the site. Fly ash and cinder material partially covered the site. Wastes 
located on ttie surface and/or in the subsurface of Site G spontaneously combusted 
and/or burned for long periods of time on several occasions. In May 1987 after high 
levels of organic contamination were detected in surface soils, Monsanto constmcted a 
chain-link fence around ttie site under USEPA supervisbn as a CERCLA removal 
action." (E&E May 1988 pp. 2-5,2-41,2-65, G-1, Figs. 4-1, G-1, Sect. 4.2.3; Roux 2001 
pg- 2-2). 

A magnetometer survey in December 1985 showed a major anomaly beneath most of 
the northern portion of Site G. Several smaller anomalies were found to the north of the 
large depressran in the southwest conrter of Site G. The mounds in ttie NW comer of ttie 
site showed smaller anomalies at ttie surface and larger anomalies for deeper readings, 
indicating significant quantities of buried metals. An electromagnetic ("EM") survey also 
was performed using botti shallow and deep (approximately 10-15 m) soundings. The 
shallow soundings detected anomalies in the NE comer, the east-center, and the entire 
west mound areas. The deep soundings found anomalies within most of ttie northern 
portion of ttie site, possibly within the center, and also trending offsite to ttie northwest. 
However, based on the absence of waste in two tarings E&E concluded that the pit in 
the NW probably does not extend beneath Queeny Ave. (E&E May 1988, pp. 4-1 
through 4-5, 4-19, Fig. 4-1, G-5, G-7). 

Boring logs at Site G revealed 3 to 12 feet of fill which increased in ttiickness from east 
to west. This surfidal material generally consists of very sandy silty clay mb(ed witii 
cinders, slag, and occasional gravel. The fill covers wastes which apparentiy were 
deposited in ttie old sand pit that is visible in historical aerial photographs. A boring (G9 
in the NW part of Site G) in the deepest part of the pit encountered 25 ft of black oily 
sludge, refuse and unknown wastes. Elsewhere waste thickness averages about 16 ft, 
most of it lying t)eneath the water table which is approximately l i f t below ground 
surface ("bgs"). Waste ttiickness was 18 ft in one tx>ring (G8) less than 50 ft from Dead 
Creek CS-B. The base of the pit and of ttie wastes, generally lies in silty fine sand 
deposits near ttie bottom of the Cahokia Alluvium.^^ These sands are extensively stained 
below the pit. Figure 3.1, Figure 3.2, and Figure 3.3 illustrate the interpreted waste 
thickness and depth and ttie water table at Site G. (E&E May 1988 Table 3-5, pp. 4-13 to 
4-19, 7-11; E&E 1998 pg. US06871). 

^̂  Roux (2001, pg. 2-2) places fence constmction in May 1988, but ERI (2002, pp. 11, 44) reports 
the fence present in February 1988. 
^̂  Geologic units at the site are described in Section 4.2. 
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The deepest elevation of the base of ttie NW pit, approximately 373 ft MSL (Figure 3.3), 
generally corresponds to the lowest estimated water table elevation during the period of 
active disposal. This suggests ttiat ttie pit was excavated until ground water was 
encountered. (A similar conckjsion may be drawn for ttie pits in Sites H and I). (Section 
4.3.2; E&E May 1988 pg. 4-46). 

Site G undenwent a second CERCLA removal action in 1995. This action involved ttie 
excavation of PCB-, organics-, metals-, and dioxin-contaminated soils on and 
surtounding Site G, solidification of open oil pits on ttie site, and covering part of ttie site 
including ttie excavated contaminated soils witti a clean soil cap appn3ximately 18 to 24-
inches thick. Waste removal extended to the foundation of ttie adjacent Wiese 
Engineering building which is west of the fenced area. Because of the wastes 
encountered in this area. Area G is now defined to extend beyond the fence and 
beneath ttie Wiese Engineering building, notwithstanding some drawings to the contrary 
(USEPA 2001, comment 4; Roux 2001, pg. 2.2, Fig. 3-1). The 1995 removal action also 
installed a security fence around ttie site (excluding the Wiese property). (Roux 2001 pg. 
2-2, Sect 2.3.3). 

EE/CA—RI/FS Site G characterizatton borings encountered oily wastes and an 
unidentified yellow substance. PID^^ readings of waste samples from borings reached a 
maximum of 1367 ppm. (OBG Sep 2000 Vol. 1 part 2 pp. 33-41). ̂ * Test trenching during 
ttie EE/CA—RI/FS exposed drums and drum fragments, some containing waste 
materials. Pyrophoric materials were indicated by smoke from one drum. A yellow-green 
material covered some rocks at ttie water table. (OBG Sep 2000 Vol. 8 part 2 pp. 58-63). 

Site G has been tested for total and teachable (TCLP) hazardous substances. Wastes 
and soils wittiin Site G were sampled by lEPA in 1980, 1984, and 1994, by E&E and 
Weston in 1986-87, by G&M in 1991, and by Solutia in 1999 (lEPA 1981; E&E May 1988 
Sects. 3.6.1, 4.2.3, 4.2.4, Tables 4-10, 4-11, pp. G-1 to G-8; E&E 1998; OBG August 30 
2000). These data indicate ttiat Site G wastes and soils are highly contaminated witti a 
variety of hazardous substances. Table 3.2 lists maximum detected concentrations of 
the chemicals of interest. Benzene, chlorinated benzenes, 2,4,6-trichlorophenol, 
pentachlorophenol, naphthalene, 2,4-D, PCBs, chromium, lead, mercury, vanadium and 
zinc are particulariy elevated. Sample G8-70 collected in 1987 contained 1% organic 
chemicals by weight (E&E May 1988 pg. 4-130).^* 

It is noted that the compositing method used to collect subsurface soil samples in the 
E&E May 1988 study (E&E May 1988 Sect. 3.6.1) may have lost VOCs to ttie air, and 
therefore the respective reported VOC concentrations in Table 3.2 may be biased low or 

^̂  A PID, or photo-ionization detector, is a hand-hekl device which is sensitive to volatile organk: 
compounds and often is used to screen samples for VOC contamination. 
^̂  OBG (Sep 2000), the EE/CA—RI/FS FieW Sampling Report, was provided to me as 13 pdf 
digital files. Pagination is lacking or cut off at the edges of the images. To facilitate finding cited 
documents, I list the page numt)ers as they appear in Acrobat Reader (which generally would not 
match the page numt>ers on the paper documents). 
^̂  A 1% concentration equals 10,000 mg/kg. 
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may be falsely not-detected.^' In addition, the very high concentrations encountered in 
Site G samples often necessitated high dilutions (up to 1:1000) by the laboratory, and 
this causes loss of detection of compounds present at lesser but still significant 
concentrations (E&E May 1988 pg. 4-103). 

3.1.2 Site H 

Site H is a former subsurface disposal area covering approximately five acres in Sauget 
south of Queeny Avenue and west of Failing Spring Road. The boundary of Site H is 
shown in Roux (2001 Fig. 3-2). The souttiem boundary of Site H has not been precisely 
delineated, but is estimated to be approxinnately 1,250 ft soutti of Queeny Ave. (Roux 
2001 pg. 2-2). Disposal activities at Site H began in ttie eariy or mid 1940s. Investigators 
differ on the date of last disposal of industrial wastes to the Site. Monsanto has reported 
ttiat disposal ended in 1957, although that date referred jointiy to Sites H and I (E&E 
May 1988 pg. H-1). E&E (May 1988 pg. 2-48) inferred ttiat ttie pit was filled and disposal 
activity ceased by 1955. ERI (2002 pp. 5,12) describes evidence of disposal within 
excavated areas until 1960, and debris and multi-toned material on ttie surface of the 
excavated areas through 1982. The southern half of Site I operated contiguously with 
Site H and tiiey are jointiy referred to by Monsanto as the Sauget-Monsanto Landfill. 

Aerial photographic interpreters indicate ttie following for Site H. Excavation is evident at 
northern Site H and southern Site I in the eariiest aerial photo in 1937, which suggests 
that the site initially operated as a sand and gravel borrow pit occupying ttiat area. 
Excavation continues in 1940. Liquid fills the excavation in 1943 but concun-ent flooding 
precludes inferences on disposal. In 1945 disposal is evident along the eastem 
perimeter and NW comer; liquid fills ttie remainder of ttie excavation; and flooding is 
evident. From 1947 through at least 1953 significant disposal activities are ongoing, 
progressing east to west within ttie site and in the NW comer. Ttie majority of Site H is 
filled by 1950, ttie exception being a small area in the NW comer which is filled by 1955. 
The constmction of new Queeny Ave. in 1950 (E&E May 1988, pg. 2-45; ERI 2002 pg. 
11) bisects the original excavated area and now defines the boundary between Sites H 
and I. ERI (2002 pg. 12) points out site changes after 1953. Multi-toned material and 
debris are present in 1955, mounded material has been deposited as of 1962, and more 
mounded material and probable debris appear in 1967. Beginning in March 1968 graded 
material and prot}able dredge material are present. By September 1968 much of the 
material appears to have been graded, and a trench is located along the SE border. In 
1971 two trenches are evkJent in ttie souttiem portion of the site. Medium-toned material 
is onsite in 1973 and 1974, and tank trucks, tank traiters and trailers apparentiy 
associated witti Site L are parked on the southern portion of Site H in 1974. A pit with 
liquid appears in the 1975 photo and remains visible through 1979; light and mediunn-
toned material is added in and around ttie pit in 1978. Liquid and multi-colored material 
are visible in 1982. ERI did not discern any disposal activities in or after 1985. 

^̂  Recognizing this potential bias, the EE/CA—RI/FS dkl not composite Site soil samples 
intended for VOCs analysis (OBG Sep 2000 Vd. 1 part 2 pg. 3). However, only TCLP analyses 
were performed on these samples. The TCLP suite of parameters is limited and does not include 
many of the chemicals present in Area 1 wastes. In addition, compositing is by its nature an 
averaging procedure which therefore obscures maxima. 
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Monsanto has reported to USEPA that subsurface disposal of organics, inorganics, and 
solvents in drums occurred at ttie Sauget-Monsanto Landfill from an unknown beginning 
date (E&E 1998 pg. US06875 and Roux 2001 pg. 2-3 estimate 1931) until 1957. The site 
received chemical wastes from the Monsanto Queeny (St. Louis) and W. G. Krummrich 
(Sauget) plants (E&E 1998 pg. US06875). Chemical wastes disposed at ttie Sauget-
Monsanto Landfill include drums of solvents, other organics and inorganics, including 
PCBs, 4-nitroaniline, chlorine, phosphorus pentasulfide, and hydrofiuosilic acid. 
Municipal wastes also reportedly were disposed at ttie Landfill. (Solutia 2002 pg. 2-20; 
Roux 2001, pg. 2-3; E&E May 1988, pp. 2-45, H-1, IA-1; lEPA 1981, pg. 6, Fig. 3c). 

A geophysical survey of Site H detected three large areas with major magnetic 
anomalies and two smaller localized areas with lower intensity anomalies. All anomalies 
are of sufficient magnitude to indicate buried dmms or a large amount of ottier buried 
ferrous metal, and ttie anomalous areas are part of one large fill or disposal pit. An EM 
survey using shallow (0-7.5 m), intermediate (5-15 m) and deep (12-30 m) effective 
range detected shallow and intermediate depth anomalies that correspond to the 
magnetometer survey results. The absence of deep anomalies suggests ttiat disposal 
generally did not exceed 15 m (46 ft) bgs. (E&E May 1988 pg. H-2; Fig. H-1). 

Borings from Site H reveal 2.5 ft (just oiAside df the pit) to 13 ft of fill consisting of silty 
clay mixed witti crushed limestone, bricks and cinders. Visibly contaminated v^ste 
materials are found beneath the fill, including multicolored sludges, solids, chemical 
wastes, and oily refuse. The waste is up to 20 ft thick, with an estimated maximum depth 
of 26 ft t}gs. The base of the pit and of the waste occurs in ttie bottom of the Cahokia 
Alluvium and/or the top of ttie Henry Fm., and sands and silts as much as 10 ft t>elow ttie 
waste are visibly steined. Most of the waste lies below the water table which averages 
10 ft bgs. Figure 3.2, Figure 3.3, and Figure 3.4 show the interpreted waste thickness 
and deptti and ttie water table at Site H. (E&E May 1988 Table 3-5, pp. 4-19 , 4-20, 7-
11, Fig 4-11; E&E 1998 pg. US06875). 

A variety of fill materials, but no specific unconteined waste materials, were encountered 
in the EE/CA—RI/FS Site H characterization borings. Maximum PID reading was 2000 
ppm. (OBG Sep 2000 Vol. 1 part 2 pp. 42-49). Trenching during ttie EE/CA—RI/FS 
revealed drums and drum fragments, at least one of which contained waste solids. Also 
encountered were bricks, wood, metel stfid ottier refuse. (OBG Sep 2000 Vol. 8 part 2 
pp. 63-67). 

When inspected in 1985 or 1986 no waste material was evident on ttie surface of Site H, 
which had been covered, graded, and vegeteted. At that time several areas of 
depression existed within the open field which were capable of retaining runoff (E&E 
May 1988 pp. 2-5, 4-3, 4-6,4-7, 4-8 ttirough 4-10, H-1). Exposed slag cun^ntiy persists 
at grade. Access to Site H is not restricted. (Roux 2001 pg. 2-3). 

Site H has been tested fortotel and leachable (TLCP) waste constituents. Wastes and 
soils within Site H were sampled by E&E in 1986-87 and by Solutia in 1999 (E&E May 
1988 Sect. 3.6.1, 4.2.4; OBG August 30 2000). Table 3.3 lists maximum detected 
concentrations of the chemicals of interest These data indicate that Site H wastes and 
soils are conteminated with a variety of hazardous substences. Chlorinated benzenes, 4-
nitroaniline, phenanthrene, PCBs, lead, nickel and zinc are particulariy elevated. Sample 
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H4-19 collected in 1987 contained 2% organic contaminants by weight (E&E May 1988 
pg. 4-130). Stijdies prior to the EE/CA—RI/FS indicated that contaminant concentrations 
were generally higher in the north and center of Site H than in the south, and the highest 
concentrations were generally from 10 to 25 ft bgs. (E&E 1998 pp. US06874-875). 

It is noted ttiat ttie compositing mettiod used to collect subsur^ce soil samples in ttie 
E&E study (E&E May 1988 Sect. 3.6.1) may have lost VOCs to ttie air, and ttierefore ttie 
reported VOC concentrations in Table 3.3 may be biased low or may be falsely not-
detected. 

3.1.3 Site I 
Site I (eye), approximately 19 acres in area, is located north of Queeny Avenue, west of 
Falling Springs Rd and soutti of ttie Alton & Souttiem RR tracks. The Site is vkrittiin Cenx) 
Copper Products and comprises roughly ttie eastem third of the plant property. Dead 
Creek Segment CS-A forms the vt^stem border of Site I, inclusive. Thus CS-A is defined 
to t>e within Site I (E&E May 1988 pg. 4-21); however, it is discussed separately in this 
report (Section 3.2.1). The t)oundary of Site I is shown in Roux (2001 Fig. 3-3). Active 
disposal began at ttie site in about ttie mid-1940s (E&E May 1988 pp. 2-7, IA-1). 
Investigators differ on ttie date of last disposal of industrial wastes. Monsanto has 
reported that disposal ended in 1957, alttiough ttiat date referred jointly to Sites H and I 
(E&E May 1988 pg. IA-1). E&E (May 1988 pp. 2-45, 2-48) states (consistentiy) ttiat all 
pits were filled by 1955-1962. ERI (2002 pp. 5,13-15) notes multi-toned debris and liqukJ 
within disposal pits until 1967, and points out surfidal disposal activities from 1962 
through 1993. 

Aerial photographic interpreters indicate the following for Site I. As discussed in section 
3.1.2, an excavation is evident which straddles norttiem Site H and southern Site I in the 
eariiest aerial photo in 1937, and this is consistent witti ttie site initially operating as a 
sand and gravel borrow pit in that area. This excavation continues in 1940; liquid fills ttie 
excavation in 1943. In 1945 probable disposal activity is inferred for the eastem 
perimeter and NW comer of the pit; liquid fills the remainder of ttie excavation. In 1950 
three excavated areas are visible including along the west border north of old Queeny 
Ave. ^̂ , a small area just south of old Queeny Ave., and ttie original excavation with 
northward expansion (lEPA 1981 Fig. 3c). The Sauget Town Hall under constiuction 
also is visible at this time. Debris, dark-toned material and excavated areas are visible 
onsite in 1953. According to lEPA, as of 1955 most of Site I except a portion of the north 
pit has been filled; elsewhere materials have settied creating a low-lying area west and 
northwest of the completed Town Hall; and troughs develop in the surfaces of ttie former 
pits (lEPA 1981 pg. 6). According to ERI (2002 pg. 13) disposal activity still is ongoing at 
ttie southern pits in 1960 and 1962.The north pit is filled by 1962 (E&E May 1988 pg. 2-
45). 

ERI (2002 pp. 13-15) descrit>es more recent activities which also appear to involve 
release of wastes at Site I. In ttie north end of Site I between 1960-1967 a facility with 

'̂  The original ('old'O Queeny Avenue is north of, and parallels, the current ("new'̂  Queeny 
Avenue. The okj Queeny Avenue runs through the center of Cerro Copper bifurcating CS-A, 
through the bottom third of Site I, and just north of Sauget Town Hall. Both roads are shown on 
E&E (May 1988, Figure 3c). 
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horizontal tanks and tank bxicks and boilers and staining is visible, and a drainage 
channel leads from the facility to CS-A. In 1967 probable dredge material is added to ttie 
soutti part of Site I, and debris is visible. In 1968 the facility witti tank trucks and trailers 
is gone, and multi-toned material is added in the area. Between 1971—1982 variously-
toned material, some mounded, debris, liquid, steining, and trailers are visible. 
Impoundments with liquid are noted in ceritral Site I from 1977-1979. 

When viewed in 1985-86 Site I was being used for equipment and scrap storage and 
trailer truck parking; no waste material was evident at the surface (E&E May 1986 pg. 2-
7). Cerro refused access for a 1987 or 1988 surface geophysical investigation of Site I 
(E&E May 1988, pp. IA-2, IA-6). 

As noted in Section 3.1.2, the souttiem half of Site I operated contiguously with Site H 
and ttiey are jointly referred to by Monsanto as the Sauget-Monsanto Landfill. Monsanto 
has reported to USEPA ttiat subsurface disposal of organics, inorganics, and solvents in 
dmms occurred at ttie Sauget-Monsanto Landfill from an unknown beginning date (E&E 
1998 pg. US06980 and Roux 2001 pg. 2-3 estimate 1931) until 1957. The Landfill 
received ctiemical wastes from ttie Monsanto Queeny (St. Louis) and W. G. Krummrich 
plants (E&E 1998 pg. US06875). Chemical wastes disposed at the Sauget-Monsanto 
Landfill include drums of solvents, ottier organics and inorganics, including PCBs, 4-
nitroaniline, chlorine, phosphorus pentasulfide, and hydrofiuosilic acid. Site I also 
received contaminated sediments from dredging of Dead Creek Segment CS-A. In 
addition, municipal wastes reportedly were disposed at the Landfill; Monsanto has stated 
that Site I was "used as a landfill for wastes from throughout the metropolitan St. Louis 
area ftom ttie 1930s to ttie late 1950s" (Solutia 2000 pg. 3-4). (Roux 2001, pg. 2-3; E&E 
May 1988, pp. 2-42, 2-45, IA-1; lEPA 1981, p. 6, Figs. 3c, 3d). 

Fill material covers most of Site I and consists of 3 to 13 ft of sandy clay mixed with 
gravel, slag and less commonly asphalt. Crushed limestone gravel was placed at the 
surface in ttie souttiem half of ttie site to support truck traffic. Ttie northem half of the 
site surface conteins piles of construction debris, concrete and wood. Site borings have 
confirmed the two main disposal pits seen in historical aerial photos. The north pit is 
approximately 26 ft deep and the south pit is at least 23 ft deep. Beneath the fill the pits 
contein up to 13 ft of waste material including oily sand, day, wood and cinders mixed 
with refuse, and a sludge-like material. The underiying Cahokia Alluvium fine sand and 
sandy silt deposits are steined betow both pits. Waste within tx)tti pits extends well 
t>elow the water table which averages 10 ft t>gs. Figure 3.2 and Figure 3.4 show the 
interpreted waste ttiickness and depth and the water table at Site I. (E&E May 1988 
Table 3-5, pp. 4-20 ttirough 4-22, 7-11, 7-12). 

The EE/CA—RI/FS characterization borings at Site I encountered uncontained solid 
"purple", "greenish-yellow", and "metellic shiny" substences. Maximum PID was 2000 
ppm. (OBG Sep 2000 Vol. 1 part 2 pp. 50-57). Test ti^enches during ttie EE/CA—RI/FS 
exposed drums and drum fragments, some containing waste materials. Several drums 
were "fairiy intact." Some drums contained "a solid yellowish material." Contents leaked 
out of some broken drums. Black soil, bricks, concrete, wood, plastic, and metal scraps 
also were encountered. (OBG Sep 2000 Vol. 8 part 2 pp. 97-109). 
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A chain-link fence and 24-hour surveillance camera control access to ttie entire Cerro 
facility including Site I. (E&E May 1988 pp. 2-7, 4-20 to 4-22; E&E 1998 pp. US06979-
980). 

Site I (excluding CS-A here) has been sampled for certein total and leactiable (TLCP) 
waste constitijents. Wastes and soils within Site I were sampled by E&E in 1987 and by 
Solutia in 1999 (E&E May 1988 Sects. 3.6.1.4.2.4; E&E 1998; OBG August 30 2000). 
Table 3.4 lists detected maxima of ttie ctiemicals of interest. Particulariy elevated 
substences include benzene, chlorobenzenes, chloroform, tetrachloroethene, 
anttiracene, fluoranttiene, naphthalene, 2,4-D, pentechlorophenol, lead, mercury, nickel, 
and selenium.^* Sample 15-41 collected in 1987 contained 1.1% organic conteminants by 
weight (E&E May 1988 pg. 4-130). 

Based on ground-water quality data for a downgradient v^l l . Groundwater Services Inc. 
(May 2001) infers that dense non-aqueous phase liquids ("DNAPLs"; see Section 5.1.1) 
have been released to the Site I subsurface and lodge as "fingers" and "pools" in the 
saturated zone from approximately 15 to 110 ft bgs. 

3.1.4 Site L 
Site L is located immediately east of Dead Creek CS-B and south of Metro Construction 
Company. The Site conteins former unlined impoundments which received an estimated 
164000 gallons^' of truck-cleaning wash waters from two hazardous and special waste 
haulers—Waggoner & Company and Ruan Trucking. The txKjndary of Site L is shown in 
Roux (Fig. 3-4). 

Harold Waggoner & Company specialized in hauling industrial wastes. The company 
began operations in 1964 and served companies in the St. Louis/Metro East area. Prior 
to August 6, 1971 Waggoner taicks were cleaned and the wash waters reportedly were 
discharged direcUy into Dead Creek C^B. In April 1971 an lEPA inspector observed this 
practice; in July lEPA dted Waggoner for discharges to the creek, and in August 
Waggoner responded ttiat all discharges had been diverted to a pit excavated on its 
property. This and subsequent adjacent pits have come to be known as Site L. 

Waggoner & Company sold its operation to Ruan Trucking Company which reportedly 
continued the practice of discharging wash waters to the Site L pit until 1978. At that 
time ttie pit was leased to Tony Lechner of Metro Construction Company which 
subsequentiy purchased the property and covered ttie impoundment. (E&E May 1988, 
pp. 2-53, 2-54, L-1; lEPA 1981, pg. 12). 

Aerial photographic interpreters indicate ttie following for Site L (E&E May 1988 pp. 2-
48, L-1; ERI 2002 pg. 15). As of 1967 a building has t>een constmcted, and tank trucks 
and tenk trailers are visible. A square pit in the SW comer of Site L contains liquid. There 
is plume-shaped discoloration of liquid or material diagnostic of point-source discharge 
to CS-B (pipe, drainage ditch, etc.); this is termed an "outfall." In 1968 a second square 

°̂ The third-most concentrated Site I subsurface organic in E&E (May 1988) was 
hexachlorot)enzene (1300 mg/kg at station 15), which is not a selected chemical of interest. 
^̂  This lEPA rough estimate assumes that Ruan Trucking operated at the same volume as 
Waggoner (lEPA 1981, pg. 34; E&E May 1988, pp. L-1 to L-2). 
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pit appears in the SE comer, and a horizontel tank and steining exist north of the SW pit. 
(Thus ttiese two pits have appeared years prior to the lEPA 1971 inspection!). As of 
1971 ttie SE pit has been filled, and a new NE pit is present The outfall persists. The 
1973 photo deariy reveals the SW impoundment as well as discoloration in CS-B 
adjacent to Site L. As of 1974 tiiere are two large liqukl-conteining pits: ttie SW pit and 
an eastem pit incorporating the NE and fbrmer SE pits. The SW impoundment is roughly 
70 ft by 150 ft in planview with its dosest edge about 125 ft east of Dead Creek" (E&E 
1998 pg. US06878). In 1975-1977 ttiese pits persist There are fill areas on and east of 
the site and mounded material possibly mbced with debris adjacent to ttie pits. There is 
steining south of ttie main building. In 1978 more mounded material appears near ttie 
pits, and fill along the west tx)rder covers ttie former outfall area. The SW pit is filled by 
1982 and ttie eastem pit is filled by 1985. 

As of 1988 Site L vt^s covered v^th black cinders, no waste material was visible on the 
surface, and the land was t>eing used by Metro for equipment storage. Access to ttie site 
was not contix)lled. (E&E May 1988 pp. 2-7, L-1, Table 2-1). 

Borings indicate that ttie Site L SW impoundment was unlined and relatively shallow. 
The fill within the former ponds consists of 4 to 8 ft of black cinders, clay, concrete and 
brick. A gray to brown day and silt unit occurs at the surface in this vidnity; tiowever, ttie 
deeper portions of ttie former excavation breadied this l̂ iyer. Thus in these deeper 
areas ttie fill lies directly on very fine sand and silt of the Cahokia Alluvium (Figure 3.6). 
The day/silt and sand materials within ttie fbrmer impoundment (borings L2, L3) are 
extensively stained from base-of-fill (appx. 5 ft bgs) to at least t>ottom-of-lx)ring at 20 ft 
bgs. In one boring (L4) offset from a fornier pond, staining is first encountered 10 ft bgs 
at the approximate water teble. This suggests that contamination migrated vertically to 
the water teble t)eneatti the pond and ttien laterally in the direction of ground-water flow. 
Figure 3.2, Figure 3.5, and Figure 3.6 show ttie interpreted waste thickness and depth 
and ttie water table at Site L. (E&E May 1988 Table 3-5, Fig. 3-7, pp. 4-22, 4-23; G&M 
1992 pg. 1-5, Fig. 3-1; E&E 1998 pg. US06878). 

Two rows of equipment in the middle of Site L complicated the surface geophysical 
surveys conducted at Site L in 1985. However, one significant magnetic anomaly was 
delineated in the SW comer of ttie site and a second was found (but with interference) 
between ttie two rows of equipment. A significant shallow EM anomaly approximately 
150 by 100 ft planview was evident in the souttieast comer of the site (also detected at 
depth with smaller cross-section). According to E&E in 1988, these geophysical date and 
(unspedfied aspects of) the historical aerial photos indicated the likely presence of 
waste residues extending to famriland south of Site L. (E&E May 1988, pp. 4-7, 4-11, L-
4, L-5, Fig. L-1). 

The EE/CA—RI/FS characterization t)Orings encountered a variety of fill materials but no 
specific uncontained waste substences. The maximum PID reading was 728 ppm. (OBG 
Sep 2000 Vol. 1 part 2 pp. 58-62). Trenching in Site L during ttie EE/CA—RI/FS 
revealed 18 dmms (more deemed likely by ttie contractor), dmm fragmente, and 
unconteined solid ctiemical waste. Several of ttie dmms t>ore Monsanto \abe\s. A black 

°̂ A later inspection by G&M found impoundment dimensions of 165 ft by 35 ft (E&E 1998 pg. 
US06878). 

Chirlin & /^sociates. Inc. 3-10 

file:///abe/s


Sauget Area 1 — Expert Report on Ground Water Contamination 

tar-like substence was noted to be leaking from several dmms. Trenching also 
encountered bricks, rags, small pieces of concrete, and other refuse. (OBG Sep 2000 
Vol. 8 part 2 pp. 51-57). 

Site L has been tested for certein total and leachabte (TCLP) waste constituents. Wastes 
and soils within Site L were sampled by lEPA in 1981, by E&E in 1986, by Geraghty & 
Miller in 1991, and by Solutia in 1999 (E&E May 1988 Sects. 3.6.1, 4.2.4; E&E 1998; 
OBG August 30 2000).^^ Maxima of chemicals of interest for each sampling event are 
listed in Table 3.5. Organics at or above 100 mg/kg indude toluene, 4-chloroaniline, 1,4-
dichlorot>enzene, 3- or 4-mettiylphenol, and PCBs. Nickel is over 90 times its 
background concentration (Table 3.10). 

3.1.5 Site M 

Site M is located on the east side of Dead Creek CS-B, south of Site L, at the west end 
of Walnut Street The Site is an inundated fbrmer sand borrow pit owned and excavated 
by ttie H. H. Hall C^onstmction Company. Access to ttie pit was unrestiicted until 1980 
when a snow fence was erected (E&E May 1988, pg. M-1). 

Aerial photographic interpreters indicate ttie following for Site M (E&E May 1988 pp. 2-
45, 2-48, ERI 2002 pp. 16-17). In 1943 a liquid-filled excavation Is first evident, and ttiere 
is a hydraulic connection to C^B. In 1953 fill material is excavated from the SE comer 
of ttie site, and fill is added to cover ttie connection to CS-B. In 1955 the excavation 
remains but conteins less liquid ttian before. From 1960-1982 the connection to CS-B is 
once again visible and remains so until 1998. The area is flooded in 1993. 

The Site M pit is approximately 220 ft x 320 ft x 15 ft with a water deptti of up to 14 ft 
(E&E 1998 pg. US07041-042; Roux 2001 pg. 2-4).^^ It is hydraulically connected to CS-
B via an approximately 8-ft wide drainage-way extending west from the southwest comer 
of the pit. ̂  A residential area is located immediately east of ttie pit on Walnut St. lEPA 
and Cahokia Health Department have received numerous complaints about Site M and 
the creek from residents in this area, induding concerning seepage of odoriferous water 
into basements and problems assodated with well water used for irrigation. lEPA 
inspections observed discoloration in ttie Site M pit similar to ttiat observed in Dead 
Creek. No infonmation is available in lEPA files concerning waste disposal activities at 
Site M. (E&E May 1988 pg. M-1, Fig. M-1). 

As of 1988 the Site M pit remained filled witti water of nonspecific origin (rainfall, mnoff, 
and/or ground-water discharge). The east bank of the pit was strewn with trash and 
debris; no other evidence of waste disposal was apparent. The 1991 field study by G&M 

^̂  E&E (May 1988 pp. L-3, L-4) uses sample X125 of the lEPA (1981) study to characterize Site 
L. However, according to Figure L-1 of E&E (May 1988), as well as to lEPA (1981, Fig. 8), X125 
is not located suffidently dose to Site L to serve that purpose. 
^ Estimated depth of the Site M pit is a much larger—and apparently erroneous—40 ft in E&E 
(May 1988 pg. 2-14). 
^ lEPA (1981, pg. 34), observing that the water level in the Site M pond exceeded that in neart)y 

ground-water wells by 1.5 to 2 ft, mied out ground-water exchange with the pond and attributed 
the perched water condition to silt accumulation on the pond bottom. However, the author 
apparently was unaware of the surface-water link between Site M and CS-B. Flow from the creek 
to the pond likely maintained the observed head differential. 
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encountered 0.5 to 5.5 ft of sediment underiying the pond; average sediment thickness 
is atK>ut 1.6 ft. The highest thicknesses occur in the southwest comer of Site M, possibly 
due to sediment deposition from water flowing in from Dead Creek (G&M 1992 pp. 3-3, 
3-4). Figure 3.7 is a cross-section through Site M ttiat illustrates the sediment layer. As 
mentioned in Section 3.2.1, Site M is enclosed by the chairvlink fence which also 
endrdes CS-B. (E&E May 1988, pg. 2-14). 

Site M has been tested for certain totel and leachable (TCLP) waste constituents. Water 
and sediment wittiin Site M were sampled by lEPA in 1980 and 1994, by E&E in 1986, 
by G&M in 1992, and by Solutia in 1999 (E&E May 1988 Sects. 3.6.1, 4.2.4; G&M 1992; 
E&E 1998; OBG August 30 2000). 

The sediments in Site M have been conteminated witti numerous chemicals of interest 
Table 3.6 lists deteded maxima. VOCs t>enzene, chlorobenzene, ethylbenzene, and 
trichloroethene were present in one or more samples.^* Numerous SVOCs were 
detected in Site M sediment; 1,4-dichlorobenzene also was detected in a TCLP sample. 
PCBs were consistentiy very elevated (up to 1100 mg/kg). G&M estimates ttiat 3,600 yd^ 
of sediment wittiin Site M were impacted by PCBs (G&M 1992 Sect 4.3). Metels of 
interest exceeding ten times background^ (Table 3.10) include lead, nickel, and zinc. 

3.1.6 Site N 
Site N is located in the SW comer of an Inactive constmction yard ak)ng the east side of 
Dead Creek CS-C soutti of Juditti Lane and north of Cahokia St. The boundary of Site N 
is shown in Roux (Fig. 3-5).The constmction yard is owned by H. H. Hall Constmction 
Company. The site is a four-acre former borrow pit which was excavated to provide road 
constmction materials. According to the owners, Hall Constmction partially refilled the pit 
with only constmction and demolition wastes such as concrete mbble (E&E May 1988, 
pg. N-1). 

This historical information on activities within Site N does not suggest that hazardous 
waste was disposed there, although in one boring steining was noted on silt and sand 
sampled from 6-10 ft bgs (E&E 1998 pg. US07140). Therefore it was a surprise when 
EE/CA—RI/FS trenching encountered msted dmms and dmm fragments, some 
conteining chemical wastes. Whitish and pasty white substences were noted in several 
dmms as well as unconteined within ttie trendi. PID readings inside dmms reached 870 
ppm. Bricks, scrap tires, concrete, and other refuse also were found during trenching. 
(OBG Sep 2000 Vol. 8 part 2 pp. 36-51). The EE/CA—RI/FS Site N characterization 
borings encountered an unidentified green material. Maximum PID reading of recovered 
waste material v^s 65.7 ppm. (OBG Sep 2000 Vol. 1 part 2 pp. 63-68). 

Aerial photographic interpretetion indicates ttie following for Site N (ERI 2002 pp. 17-18). 
Excavation is first evident in ttie 1945 photo. In 1947 the excavation is larger and filled 

^̂  The use of a medium-concentration methodology to analyze sediment VOCs samples in the 
E&E (May 1988) study likely obscured VOCs in sediments in all stream segments arxJ Site M. 
The single sediment sample in that study wtiicti dkl use low-concentration methodology detected 
six VOCs (E&E May 1988 pg. 4-94). 
^ An order of magnitude excess over t>ackground (itself a maximum herein) is a conservative 
criterion for the presence of contamination and is selected to make false positives unlikely. 
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with liquid. In 1948 only the deeper portion of the excavation conteins liquid. In the 1950 
photo ground-water is present in the excavation. (The approximately 25 ft deptti of ttie 
ground-water teble of ttiat period [E&E May 1988 pg. 2-45] implies an excavation deptti 
exceeding ttiat value).^ In the 1955 photo ttie water teble has dropped below ttie pit 
t)ottom (probably due to drought conditions prevailing in the East St. Louis area from 
1952-1956 [Schicht 1965, pg. 39]). During 1950 ttirough 1960 a drainage channel is 
visible on ttie soutti side of Area N leading to CS-C. In 1953 light-toned material or liquid 
exists at the mouth of ttie ditch. The ditch likely was dredged in 1960, and has been filled 
and graded by 1962. In 1960 a new excavated and/or ground-scarred area exists in ttie 
SE comer of ttie Site. In 1968 evidence first appears of disposal, induding multi-toned 
material and probable det>ris in ttie SE comer. During 1971-1982 disposal of debris and 
a variety of materials is evident. A new excavation appears north of Site N in 1982. The 
original excavated area is finally filled by 1988; debris remain on its surface and extend 
to the northem excavation. 

As of 1988 ttie pit remains below ttie surrounding grade. The property is being used only 
for equipment storage. A diain-link fence with padlocked gate controls access; it is not 
known when access to Site N first was restricted. (E&E May 1988, pp. 2-45, 2-48, N-1, 
N-3, Fig. N-1). 

Site N has been tested for certain totel and leachable (TCLP) waste constituents. Soils 
within Site N were sampled by E&E in 1986 and by Solutia in 1999 (E&E May 1988 
Sects. 3.6.1, 4.2.4; E&E 1998; OBG August 30 2000). Concentration maxima for 
chemicals of interest are shown in Table 3.7. Deteded VOCs indude benzene, 4-
methyl-2-pentanone, and trichloroethene. Several PAHs were found in one of ttie soil 
borings. PCBs were not deteded. Mercury (9 mg/kg) exceeded lOx background (Table 
3.10); no ottier metals were present above background. 

3.2 Dead C r e ^ 

Dead Creek was used as a receptede for liquKl wastes for many decades. These 
wastes amved in point-discharged effluent from pipelines along the creek and in surface-
water mnoff. It is my understanding that waste disposal to creek segments CS-A and 
CS-B is descrit)ed in the expert report by Mr. Klingenstein. Except for downstream 
migration of conteminants within ttie creek, and perhaps discharge from Site N, in my 
report no waste disposal tias been kJentified to creek segments CS-C through CS-F. 

3.2.1 Segment A (CS-A) 
The former Creek Segment A ("CS-A") of Dead Creek sti-etches 1700 ft from the Alton & 
Southern RR at ttie north end to Queeny Avenue in the south. Thus CS-A was entirely 
within ttie cun-ent Cerro property. CS-A lies within Site I (E&E May 1988 pp. 4-21) but is 
discussed separately herein. This subsection also briefly considers the portion of Dead 
Creek which at one time existed upstream of CS-A. 

Before the 1932-33 constiuction of the Village sewer system, industrial process 
wastewater from many East St. Louis and Sauget industries flowed into Dead Creek 

^̂  Roux (2001 pg. 2-5) states that Site N fill may be as much as 30 ft thick. 
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(Roux 2001 pg. 2-26). Local industries along ttie creek channel discharged their waste 
waters directiy into Dead Creek (Homer & Shifrin 1994 pp. 18, 22). 

By the eariy 1930s a 1000-ft stretch of Dead Creek beginning at Monsanto Avenue was 
filled in and used for industrial building sites by Monsanto Chemical (Homer & Shifrin 
1994 pg. 21). Runoff from the Monsanto property continued to pass ttirough a 36-inch 
diameter culvert under the RR and enter the new head of Dead Creek at the north end of 
CS-A. (Roux 2001 pp. 2-28, 2-29). 

CS-A served as a surge pond for ttie Village industiial/munidpal sewer system from ca. 
1939 through 1990." Thus conteminants within ttie sewage were released to CS-A 
during ttiat period. 

Dead Creek CS-A was dredged and ttie spoils were deposited along the creek banks 
and within current Site I. Thus conteminants within ttie sewage were released to the land 
surrounding the creek. 

The timing of the CS-A dredging is of interest. Dredging before ca. 1939 implies ttiat any 
industries whose private sewers or contsuninated surtece mnoff emptied into Dead 
Creek within or upsb-eam of CS-A likely contributed to contemination within Site I. 
Dredging after ca. 1939 implies that any industries whose Village-sewered waste 
overflowed to the Dead Creek surge pond likely contributed to contemination within Site 
I. According to Roux (2001 pg. 2-29) and Solutia (2002 pg. 2-7) CS-A was dredged at 
least in 1935, and "such dredging may have occurred more tiian one time." Aerial 
photographic interpretetion indicates dredging of CS-A with probable dredge materials 
deposited on ttie adjacent banks in 1947 (ERI 2002 pg. 19). Several documents refer to 
multiple dredging events, but dates are not provided (OBG 1999 Vol. 2A pg. 12; Solutia 
1999 pp. 3-4; OBG 2000 Sect. 3.20; Roux 2000 pg. 2-5; Tetra Tech 2000 pg.8). Even 
so, from context it appears that ttie dredging was prompted by sediment accumulation 
vWthin the surge pond, thus pladng it in ttie post-ca. 1939 period (Solutia 1999 pp. 3-4; 
Roux 2000 pg. 2-5). 

Discoloration of CS-A is visible in aerial photographs from 1943 onward (E&E May 1988 
pp. 2-45, 2-48, 2-51; ERI 2002 pp. 18-20). In May 1975 an lEPA field inspedor observed 
discoloration of ttie water and creek bank along CS-A (E&E May 1988, pg. 2-55). As of 
1988 the water in CS-A was highly discolored and oily, steining the creek banks. There 
was a tieavy oily scum on the water surtece near ttie sewer interceptor pipe at ttie north 
end of the pond. Cerro steted that no process wastewater, cooling water or other waste 
was ttien being discharged to the ponds. (E&E May 1988, pp. 2-7, 4-21). However, CS-A 
continued to serve as a sewer system surge pond. 

In 1989 (Derro retained The Avendt Group to conduct a Site Investigation/Remedial 
Altematives Evaluation for CS-A. The study found that fill deposits ranged from 1 to 15 ft 
thick, and consisted of ten to black, steined silt to silty sand with intermixed concrete, 
brick, road aggregate, rags, slag and vitreous pellets. Analytical results (discussed 
below) prompted Cerro to excavate and remove 27,500 tons of contaminated fill and 

^̂  Herein I use 'ca. 1939* to indicate the date of the hookup of ttie 36* Alton & Southern RR 
culvert to the Village Sewer. The adual date is uncertain but reportedly between 1939-1943. 
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fluidized creek bottom sediments during 1990. Excavated sediment varied from 0.5 to 11 
ft thick and is described as brown to yeltowish brown and black silt with organic matter. 
(G&M 1992 pp. 1-5,1-6, Sed3.4; E&E 1998 pg. US06983; Roux 2001 Sect 2.3.1). A 
high density polyettiylene ("HDPE") liner was placed in the excavated diannel, and CS-
A was backfilled and covered witti cmshed gravel to grade (Roux 2001 pg. 2-5). 

Creek segment CS-A has been tested for certain waste constituents. Sediments within 
CS-A were sampled by lEPA in 1980 and 1981, by E&E in 1986 and by Advent Group in 
1989 (lEPA 1981; E&E May 1988 Sects. 3.6.1, 4.2.4; E&E 1998). The Advent Group 
study was particulariy intensive, collecting sediment samples from 34 txxings atong 10 
transects (G&M 1992, pp. 1-5,1-6). Tabte 3.8 lists maxima for the chemicals of interest 

Sediment VOCs witiiin CS-A indude t>enzene, chlorobenzene, 1,2-dichloroettiene, 
ethylbenzene, tetrachloroethene, toluene, trichk)roethene, and xylenes. SVOCs include 
4-chloroaniline, chlorot)enzenes, naphthalenes, pentachlorophenol, and numerous 
PAHs. PCBs are quite elevated (maximum 1600 mg/kg). Metels above lOx tiackground 
(Table 3.10) indude chromium, lead, mercury, nickel, selenium, and zinc.^ 

CS-A surface water was sampled by lEPA in 1981 (for metels and PCBs) and by E&E in 
1986. The CS-A ponds were no longer present at the time of the EE/CA—RI/FS. 
Maxima for chemicals of interest are shown in Table 3.8. Deteded VOCs in 1986 indude 
benzene, chlorobenzene, chtoroform, 4-methyl-2-pentanone, and trichloroethene; 
SVOCs indude 4-chtoroaniline and phenanthrene. Elevated metels in both 1981 and 
1986 indude lead, mercury, nickel and zinc. PCBs were deteded in 1981 (28 ug/l) but 
not in 1986. As is standard practice, ttie surface water samples were not filtered. 

3.2.2 Segment B (CS-B) 
Segment B of Dead Creek ("CS-B") stretches from Queeny Avenue to Judith Lane in 
Sauget and Cahokia. Sites G, L, and M lie adjacent to CS-B. The CS-B creek banks are 
heavily vegetated. Flow is intermittent and stomn-dependent (E&E May 1988 pp. 4-23, B-
1). 

Culverts at both ends of CS-B were blocked: at Judith Lane in ca. 1939 creating the 
Dead Creek surge pond which initially induded both CS-A and CS-B, and at Queeny 
Avenue in 1968 severing CS-B from the surge pond. However, ttie adequacy of these 
barriers has been questioned by lEPA. In any case contaminated surtece water arrived 
from upstream before and during the period that CS-B was within Dead Creek Surge 
Pond. (E&E May 1988 pp. 4-24, B-1, B-2; E&E 1998 pg. US 07046). 

Industrial or commerdal wastes also were discharged directiy into CS-B. Waggoner 
Company, an industiial waste hauler, disctiarged tmck wash waters into ttie creek until 
lEPA intervened in mid-1971 (E&E May 1988 pp. 2-53, 2-54). After that time wastes 
were discharged to unlined pits (Site L) adjacent to Dead Creek. The Midwest Rubber 
Company reportedly discharged process wastes including oils and cooling water into 
CS-B via a sewer overflow pipeline. Consistent with such disposal, a mbbery waste 
material is found on the creek bed of ttie upper half of CS-B. A second "old effluent pipe' 

Sediments sampled from CS-A in March 1982 reportedly leached lead above EP-toxicity limits 
(E&E May 1988, pg. 2-60). I have not located these sampling or analytical results. 
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also is located in the upper 300 ft of CS-B, and staining is evident around both of the 
pipes (E&E May 1988, pg. 7-24). An outfall was observed by aerial photography 
between 1968-1982 north of ttie Site L pits (ERI 2002 pp.21-22); periiaps ttiis pipe was 
the source of ttie outfall. Storm mnoff from adjacent properties, induding Metro 
Constiuction, also enters CS-B. (E&E May 1988 pp. 4-23, 4-24, 7-12, B-22; E&E 1998 
pg. US07046). 

Aerial photographs reveal discolored stream water in CS-B from 1940 onward (E&E May 
1988, pp. 2-45, 2-48, 2-51; ERI 2002 pp. 21-22). In 1975 lEPA inspedors observed 
discoloration in the creek and along ttie banks similar to ttiat later observed at CS-A 
(E&E May 1988 pp. 2-55, B-2). Fires and smokJering in CS-B were reported in July 1979 
and May 1980 (E&E May 1988 pg. 2-56). in August 1980 a neighborhood dog rolled in 
the CS-B channel and died of apparent ctiemical bums (lEPA News 1980; E&E May 
1988 pg B-1). 

In September 1980 lEPA placed a seal order on CS-B and Site M, and the Illinois 
Department of Transportation instelled a 7000-foot snow fence with warning signs 
around ttie area (E&E May 1988, pg. 2-57). October 1980 air samples in CS-B revealed 
the presence of volatile organics and hydrocart)ons (not quantified) (E&E May 1988, pg. 
2-58). In Odober 1982 USEPA completed constmction of a chain-link and bari^ed wire 
fence to replace ttie snow fence (E&E May 1988, pp. 2-61, B-2). As of 1988 debris was 
scattered ttiroughout ttie northem half of CS-B. (E&E May 1988, pp. 2-8, B-1). 

Creek segment CS-B has t)een tested for certein waste constituents. Sediments and/or 
water wittiin C ^ B were sampled by lEPA in 1975, 1980, 1993 and 1994, by E&E in 
1986, by G&M in 1991 and by Solutia in 1999 (lEPA 1981; E&E May 1988 Sects. 3.6.1, 
4.2.2, Table 4-9, App. D; E&E 1998; OBG August 30 2000). Table 3.9 lists deteded 
maxima for the chemicals of interest. 

The sediments in CS-B have been conteminated witti a variety of chemicals of interest. 
Table 3.9 lists deteded maxima from ttie eariy 1980s lEPA samples (grouped) and from 
each of the three more recent sampling programs. Of VOCs, the ttiree more recent 
programs all deteded chlorobenzene and toluene; and G&M and E&E also both 
detected ettiyltjenzene and xylenes. Numerous SVOCs were deteded in CS-B 
sediment, induding ttie following in every sampling event (if analyzed): 1,2-
dichlorot>enzene, 1,4-dichtorobenzene, 1,2,4-trichlorobenzene, pentachlorophenol, 
naphthalene, benzo(a)anthracene, l)enzo(b)fluoranttiene, t)enzo(k)fluoranttiene, 
benzo(a)pyrene, chrysene, fluoranttiene, indeno(1,2,3-cd)pyrene, phenanthrene, pyrene, 
and PCBs (up to 230 mg/kg). Metals exceeding ten times background (Table 3.10) 
include all of the metals of interest except vanadium. If one restrids attention to 
sediment analyses from the EE/CA—RI/FS, ttien the metels exceeding lOx background 
are mercury, nickel, selenium, and zinc. 

On May 31, 2000 USEPA issued a UAO for a Time-Critical Removal of CS-B and ottier 
creek sediments and soils and floodplain soils to eliminate potential risks associated with 
flooding and to eliminate adverse ecological impact. As of June 2002 sediments have 
been removed and liner material placed in CS-B adjacent to Site G, and additional woric 
is ongoing. (USEPA May 2000; Roux 2001 Sect 2.3.5; Solutia 2002 Sects. 1.4.4, 2.2.5, 
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2.3.4). Extensive confirmatory sediment sampling has been conducted during this task; 
however, I received ttie results too late for tiieir incorporation into this report. 

3.2.3 Segments C (CS-C) through F (CS-F) 
These downstream creek segmente tiave t)een impaded by surtece-water home 
migration of conteminants from CS-A and CS-B. However, in ttiis report I do not evaluate 
releases of contemination to ground water from Dead Creek segments CS-C through 
CS-F. 

3.3 Overttowing and Leaking Village Sewers 

Village sewers are discussed in this report t>ecause of ttieir role in the release of 
hazardous wastes to ttie ground water at ttie site. The Sauget sewer system fundioned 
in two ways to release contemination to Area 1 ground waters: 

(1) for several decades beginning in 1932-33 waste liquids were discharged from 
overflowing sewer lines into CS-A and CS-B, and infiltration conveyed contamination 
downward to ttie ground v^ter; and 

(2) leaking sewer pipes discharged waste water to surrounding soil, and infiltration 
carried conteminants to underiying ground water. 

It is my understending ttiat Mr. Klingenstein's expert report describes the history, 
locations, and medianisms of release of Village sewage to ttie Area 1 environment 
induding both ttie intended storage of overflow in the Dead Creek surge pond and ttie 
unintended exfiltration of sewage from leaking pipes. 

A portion of ttie sewage which moved from the sewers to ttie surge pond subsequentty 
infiltrated from the pond to the ground water. In addition any leakage past the blocked 
downstream culvert at Judith Lane (say, during flooding) carried conteminants into lower 
Dead Creek (CS-C and beyond) where infiltration also occurred. 

According to Monsanto consultents Geraghty and Miller, Inc. sewer leakage was a 
problem. "[T]he old [pre-1989 Village] sewer system is suspeded of being a major 
source of conteminant loading to ttie ground water" (G&M 1986, Vol. 2, pg. 10). As of 
1986 planned or recentiy completed replacement and repair of Village and WGK sewers 
was expeded to "significantiy reduce conteminant loading to ttie ground-water system" 
(G&M 1986, Vol. 2, pp. 9-10). 

It is my understanding ttiat Mr. Klingenstein's report provides opinions on historical Area 
1 sewer leakage frequency, location, and water quality. I understend tiiat Mr. 
Klingenstein will point out the sewer lines within Area 1. It is my understending that Mr. 
Klingenstein has not yet identified specific leaky sewer locations or rates of leakage 
given available date, but that tie does opine that unquantified releases occurred at 
unspecified tocations within Area 1 along the Village sewers. 

It is my opinion that liquid wastes which exfiltrated from Area 1 sewers ttien infiltrated 
through the surrounding and underiying Catiokia Alluvium to the ground-water table. 
Such releases to the ground water occurred at points of leakage whenever the local 
sewer head exceeded the ground-water tat>te. 
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Absent information on specific points of leakage, I cannot point to corresponding 
evidence of specific ground-water quality impacts from leakage. I note that the 
Mississippi Ave. sewer is on ttie west (outside) of Rt. 3 vt^ich forms the boundary of 
Area 1. Therefore any recent leakage from this line affects Area 1 ground water only in 
ttie sense ttiat water quality of ttie ground water leaving Area 1 is further degraded as it 
enters Area 2. On ttie ottier hand when ̂ otvid water in ttiis vidnity flowed toward 
Monsanto and other major pumping centers to the NE (i.e., prior to appx 1970), 
exfilti^tion from ttiis sewer line was carried northeastward into Area 1. 

Sewered wastes atbibutable to each industry and ttie historical water quality of sewer 
flow which moved through Area 1 sewers and into the surge pond are matters 
addressed by ottier experts for the US in this litigation. Ttieir results are not yet available 
to me; however, I exped to incorporate ttiem into my opinions conceming the specific 
hazardous substances released to the ground water from the sewers. 
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4. ENVIRONMENTAL SETTING 
Sauget Area 1 Site is located in southwestern Illinois, in the Till Plains Section of the 
Central Lowland physiographic province, in a portion of the Mississippi River floodplain 
known as American Bottoms. It lies within the norttiem temperate zone whk:h is 
charaderized by wanm summers and moderately cold vtnnters. Average predpitation is 
about 38 inches/year, witti monthly averages greatest in March through June and 
gradually dedining until December. Much of ttie summer rainfall occurs as 
thunderstomis which periodically cause isolated flooding; one to two-inch rainfalls are 
common. Average calculated evapotranspiration is 33 indies/yr; hence the average 
potential surplus available for surface water runoff and ground water rectiarge is atx>ut 5 
inches/yr. The land surface at ttie site is very flat excepting portions of steep bank along 
Dead Creek. Land elevation in ttie vidnity is at>out 400 to 445 ft NGVD. Elevations at 
Sauget Area 1 sites range from 4(X) to 410 ft above mean sea level ("MSL"). (Schicht 
1965, pg. 3; lEPA 1981, pp. 2, 5; E&E May 1988, Sed. 2.2.3; G&M 1992 Sed. 3.2). 

4.1 Surface-water Hydrology 

Dead Creek drains a portion of the American Bottoms induding most of Area 1. Prior to 
industrial development Dead Creek was a free-flowing north-to-south draining ditch and 
stream which originated in or beyond ttie City of East St. Louis (Homer & Shifrin 1994 
pg. 21) and flowed south, induding through Area 1, to the Prairie du Pont Floodway 
which discharges to the Cahokia Chute of ttie Mississippi River. Totel distance along 
Dead Creek from Judith Lane to the Mississippi River (i.e., exduding segments CS-A 
and CS-B) is approximately 4.2 stream miles. Ttiere is very littte topographic relief within 
the drainage basin of Dead Creek. A system of levees fronting the river proteds the area 
from flooding by the Mississippi. (E&E May 1988, Sed. 2.2.1.1). However, flooding does 
occur in parts of the American Bottoms due to inadequate drainage facilities (Schicht 
1965, pg. 3). 

Site investigators have partitioned Dead Creek into six "Creek Segments" denoted CS-A 
through CS-F. 

CS-A. As discussed in Sedion 3.2.1, Creek Segment A ("CS-A") no longer exists but 
formeriy stretched 1700 ft from the Alton & Souttiem RR in the north to new Queeny 
Avenue in the soutti. In ca. 1939 ttie Dead Creek culvert at Judith Lane was plugged and 
the Village Sewer System was linked to ttie upstream end of CS-A via a 36" pipe mnning 
beneath the Alton & Souttiem RR. These measures converted CS-A and CS-B into a 
surge pond (a.k.a. surcharge basin or overflow pond) within the sewer system. In 1968 
the Dead Creek culvert under new Queeny Avenue was sealed with concrete to restrid 
flow from CS-A to ttie remainder of Dead Creek (E&E May 1988 pg. IA-2; Roux 2001 pg. 
2-5). This also severed CS-B from ttie surge pond. C^A continued to function as a 
surge pond.^ lEPA personnel observed flow from the downstream side of ttie Queeny 
Avenue culvert plug, apparentiy in ttie 1980s. The plug also contained a storm sewer 
which could account for the observed flow, txjt the possibility remains of leakage from 
CS-A to CS-B after 1968. In 1990 Dead Creek Segment A was excavated and backfilled 

^ OkJ Queeny Avenue crossed the pond, giving it the appearance of two ponds. I have no 
information on how the two ponds were hydraulically connected. 
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to grade by Cen-o during an lEPA-approved remedy. (E&E May 1988, Sed. 2.2.1.2, pg. 
IA-2; lEPA 1981, pg. 19; Roux 2001 pg. 2-5). 

CS-B. CS-B extends approximately 1800 ft from new Queeny Avenue to Judith Lane. 
The gradient of ttie streambed is slight dropping only 1.35 ft over ite 1800 ft lengtti. In 
ca. 1939 ttie culvert at ttie downstream end (Juditti Lane) was bk>cked and, along witti 
CS-A, CS-B was incorporated into the Village sewer system surge pond. The 1968 
sealing of ttie Queeny Avenue culvert severed CS-B from ttie surge pond; however, to 
proted ttie downstream creek Judith Lane culvert was not reopened. Water does not 
usually emerge from ttie Juditti Lane culvert but does do so after ttie creek reaches a 
suffidentty high, undetermined elevation. Ftow emanating from ttie Judith L^ne culvert 
has been observed on several occasions. Water level in CS-B varies substentially as a 
fundion of predpitetion, and during extended periods of low precipitetion the creek 
becomes a dry ditch. (E&E May 1988, Sect 2.2.1.2, pp. 2-8, 4-23, B-1, C-1; lEPA 1981, 
pg- 19). 

CS-C through CS-F. Dead Creek downstream segments C ttirough F lie south of Judith 
Lane in the Village of Cahokia. Segments CS-C (1300 ft from Judith Lane to Cahokia 
St) and CS-D (1100 ft ftx>m Cahokia St to Jerome La.) flow unrestiicted ttirough 
prindpally residential areas. Segment CS-E (4300 ft from Jerome La. to ttie intersection 
of IL Route 3 [Mississippi Ave] and Route 157 [Camp Jackson Rd.]) flows through a 
primarily commerdal area and is unrestricted except for channelization through 
cormgated pipe at the downstream end of the segment. Segments C, D, and E flow 
intemnittentty. (E&E May 1988 pp. 2-18, C-1; E&E 1998 pg. US07143; Roux 2001 pg. 2-
6). 

Segment CS-F (6500 ft from Route 157 to Prairie du Pont Creek) is the longest and 
widest of the defined Dead Creek segments. Near the end of its course CS-F merges 
with ttie downstream ttiird of Bon'ow Pit Lake, a long (6000 ft), nan-ow (500 ft) wettand 
area. Borrow Pit Lake was formed by excavation for a local levee system some time 
after 1954. During periods of no or tow predpitetion there is little or no flow in Borrow Pit 
Lake upsti^am of the CS-F junction. CS-F discharges into Old Prairie du Pont Creek. 
(Roux 2001 pp. 2-6, 2-7). 

Flooding occurs in Area 1. Contiibuting factors include low topographic relief, lack of a 
storm-water drainage system in developed areas, and under-sized road culverts along 
Dead Creek. During significant predpitetion events surface-water mnoff is unable to 
drain suffidentty to prevent ponding and backup. "Ttie creek overflows at ttie same time 
that ttie banks and adjacent areas begin to fiood due to lack of relief, resulting in flooding 
of ttie entire area" (Roux 2001 pg. 2-9). Roux (2001 Sect. 3.4) describes ttie flood-prone 
area as lying between Queeny Avenue, Falling Springs Rd., Route 157 (Camp Jackson 
Rd.) and Route 3 (Mississippi Ave). In approximately 2(X}0 Solutia replaced Dead Creek 
culverts at Cargill Road and at ttie Terminal Railroad embankment, but hydraulic 
modeling indicated that ttie potential for flooding would not be reduced (Roux 2001 Sect. 
2.3.4). 

Surface water drainage within Sauget Area 1 is generally toward Dead Creek. However, 
significant site-specific drainage patterns exist and have varied over time: 
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In 1988 Site G generally drained toward CS-B; however a large depression in soutii-
central Site G colleded mnoff in its vidnity. A 1995 emergency adion capped Site G; 
surface flow subsequentiy has flowed radially from ttie site. 

As observed in 1988 and in ttie EE/CA—RI/FS, Site H generally drained tov^ard CS-B; 
however, several small depressions bopped rainwater which subsequentty infiltrated ttie 
ash cinder cover. 

In 1988 Site I generally drained toward the ponds of CS-A; however, a large depression 
in northem Site I entrained rainwater. CS-A also received surface and roof drainage from 
the entire Cerro plant via storm sewers and effluent pipes; in 1985 or 1986 Ave drain 
pipes projeded from ttie west t}ank of ttie ponds. As descrit>ed in the EE/CA—RI/FS, 
mnoff from the southern end of Site I enters a catch basin north of Queeny Avenue 
which drains into CS-B. In addition some predpitetion infiltrates due to the flat grade and 
permeable stone pari^ing areas. 

As of botti 1988 and ttie EE/CA—RI/FS field vw>ric. Site L generally drained toward CS-B; 
however, the highly permeable dnder cover induced substential irifiltration. 

As of botti 1988 and ttie EE/CA—Ri/FS field wortc. Site M received surface mnoff from a 
residential neighboriiood to the souttieast and drained via a drainage way to CS-B. 

As of botti 1988 and ttie EE/CA—RI/FS field wori^ Site N, which is topographically 
depressed, colleded surface mnoff from ttie surrounding area. The lowest point in Site N 
was atx>ut ten feet t}elow ttie t)ank of CS-B. 

(Roux 2001 pp. 2-8, 2-9; E&E May 1988, Sed. 2.2.1.2, pg. IA-2; lEPA 1981, pg. 19) 

4.2 Geology 

Over geologic history ttie ancestral Mississippi River has carved a wide, deep valley two 
to eight miles across and up to 170 ft deep into ttie sedimentary bedrock underiying the 
river, in the area of interest unconsolidated alluvium and glacial outwash, jointiy referred 
to as "valley fill", now occupy ttiis bedrock valley including beneath the current 
Mississippi River, the American Bottoms drainage t>asin, and particulariy the site. The 
valley fill ttiins away from ttie river. In ttie vidnity the valley fill ranges from approximately 
140 ft ttiick near ttie river to 70 ft ttiick (E&E May 1988 pg. 2-29) or 100 ft ttiick (Roux 
2001 pg. 2-12) on the east side of Area 1. 

Two unconsolidated geologic deposits are present wittiin the valley fill at the site: ttie 
surfidal, recent, Cahokia Alluvium and the underiying, glacial, Mackinaw Memt)er of ttie 
Henry Formation ("Fm.") (Figure 4.1). 

The Cahokia Alluvium consists predominantiy of thin discontinuous beds of silt, day and 
fine sand deposits, typically witti coarser material intertonguing with finer-grained 
deposits. In ttie Sauget area the Cahokia Alluvium was created by fiood events of the 
Mississippi River and by redeposition of eroded upland loess (wind, or "eolian", deposits) 
and till by tributary stî eams. (lEPA 1981 pg. 15, Fig. 5; E&E May 1988 pp. 4-11, 4-12). 
With depth the percentage of silt gradually decreases white sand percentege and grain 
size gradually increases. This results in a neariy clean fine- and medium-grained sand at 
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the t}ase of the Cahokia which grades neariy imperceptibly into the sand and gravel of 
ttie underiying Henry Fm. (E&E May 1988 pg. 4-12). 

The Mackinaw Member of the Henry Fm. is composed of Wisconsonian sand and gravel 
gladal outwash in ttie form of valley train deposits. Sands at ttie Site in the upper portion 
of the Henry Fm. are fine- to coarse-grained and coarsen with depth. Littie to no silt-size 
particles are present in the Henry Fm. The several fornier sand pits at the Site were 
excavated to obtain these sands for commerdal purposes.^ Thickness of the Henry Fm. 
is variable (70 to 100 ft) and intert)edding is complex due to ttie formative fluvial 
processes. At many locations bands of coarse gravel, cobbles and occasional boulders 
are found at depttis greater than 75 ft bgs. In some areas clays witti limestone fragments 
(evidentiy weathered bedrock residuum) were encountered 10 to 15 feet atx>ve the base 
of the Henry Fm. (Solutia 2002 pg. 1-7). Ttie unit lies directiy on Mississippian age 
limestone and sandstone bedrock. 

In the Sauget area at most locations it is not possible to differentiate ttie lower Cahokia 
Alluvium from the upper Henry Fm. on the basis of mineralogical and textural 
charaderistics or lithologic breaks. This Is due prindpally to reworking of the tower 
Cahokia and upper Henry by river scour-and-fill during recent geologic time. (E&E May 
1988 pg. 4-12; Roux 2001 pg. 2-12). This ambiguity may explain ttie variation in 
estimates of Cahokia Alluvium ttiickness at ttie Site, which according to lEPA (1981, pg. 
15, Fig. 5) t}ased on 12 test holes is 6 to 17 feet thinning eastward, and according to 
Roux (2001, pg. 2-12) is about 30 ft." 

The uppenmost bedrock units beneatii ttie alluvial deposits at ttie Site include the St. 
Genevieve and St. Louis limestones of the Mississippian System. More generally the 
Mississippian System contains numerous limestone, shale, siltstone, dolomite and 
sandstone layers. 

At one time Dead Creek had suffident flow and energy to erode ttirough ttie silt and day 
deposits of the upper Cahokia Alluvium into the fine sands and silty sands typically found 
at the base of the Cahokia or top of the Henry Fm. As creek velocity decreased the 
creek bed infilled with clayey silt. In 1980 five hand auger borings through Dead Creek 
CS-B to ttie underiying sands revealed loosely compaded silty day to dayey silt abovA 
8-10 ft thick. (lEPA 1981 pg. 15, Fig. 6b; E&E May 1988 pg. 4-23). Anottier study found 
that ttie base of the CS-B channel lies approximately at elevation 399 ft NGVD. The 
creek is underiain by atx)ut two feet of black spongy sediments. A variable thickness 
layer of clay and silt occurs beneath the spongy sediments. The ttiickness of ttie day 
and silt is about five feet next to Site L and about two feet next to Site M (G&M 1992 pg. 
3-3, Figs. 3-1,3-2). 

(Roux 2001 Sed. 2.1.5; E&E May 1988 Sects. 2.3, 4.1.2; lEPA 1981 pp. 12,15, Figs. 4, 
6a, 6b; Bergstrom and Walker 1956). 

^ Excavation proceeded to the water table which was approximately 25 ft bgs at that time (lEPA 
May 1988. pg. 2-45) 
^̂  Later on the same page (Roux 2001 pg. 2-12) it emerges that the 30-tt thickness applies to the 
Cahokia plus the uppenmost, finer portion of the Henry Fm.; however, it remains undear whether 
the uppermost Henry Fm. adds sufficient thickness to explain the inconsistency. 
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Further charaderization of Dead Creek sediments may become available in documents 
related to ttie ongoing creek sediment removal adion. 

4.3 Ground-water Hydrology 

This section begins with a brief introduction to concepts and terminology of fluid flow 
through ttie subsurface (Sed. 4.3.1), followed by descriptions of the local valley fill 
aquifer (Sed. 4.3.2) and the bedrock aquifer (Sed. 4.3.3). 

4.3.1 Hydrogeologic Concepts and Terminology 
In an uncontaminated subsurface setting, from the surface downward one first 
encounters an interval where pore space" within the soil or rock conteins air as well as 
some water. This is referred to as the zone of aeration or ttie unsatijrated zone, and it 
conteins vadose water. Beneath ttie unsaturated zone ttie pore space is completely filled 
with water. This interval is known as ttie saturated zone, and it conteins ground water. 
There is a b^nsition interval at ttie top of ttie saturated zone where, due to capillary 
forces, ttie pore space is partially to fully satijrated by water which has been pulled 
upward by surface tension within the pores; this is known as the capillary zone or 
capillary fringe. The boundary along ttie base of the capillary zone is known as the water 
teble. The water table lies at that depth at which water first will enter a well. (Figure 4.1). 
Due to daily, seasonal, or long term variattons in predpitetion or ground-water 
withdrawal (e.g., pumping for water supply), the elevation of the water teble generally 
varies over time. 

Water from predpitation and ottier surface sources recharges or infiltrates the 
unsaturated zone (Figure 4.1). Flow of vadose water within ttie unsaturated zone is 
predominantty downward. Once water readies ttie saturated zone flow direction typically 
becomes predominantty horizontel or subhorizontal. The ground water (as it is now 
called) flows in ttie diredion of locally descending water table elevation. That diredion 
often is tov^rds a surface water body such as a river or toward a pumping well. A 
stream segment which receives discharging ground water is a gaining stream. One 
which recharges the ground water is a losing stream. 

The velodty ("velocity" encompasses tx>th speed and direction) of ground-water 
migration is controlled by the hydraulic condudivity and porosity of the geologic medium 
and by the hydraulic head gradient, all of which generally vary spatially. Hydraulic 
condudivity is a measure of ttie ease of water through-flow and refleds geologic matrix 
components (e.g., sand has a higher hydraulic conductivity than day) and depositional 
or tedonic history (e.g., stratified deposits often have higher hydraulic conductivity along 
their layers ttian perpendicular to their layers, and rock fradures usually are aligned in a 
few specific diredions). Ground-water flow speeds vary greatiy from many feet per day 
to less ttian an inch per year, depending primarily on the hydraulic conductivity of the 
geologic material. 

Ground-water also may migrate vertically downward from ttie shallowest saturated zone, 
or water teble aquifer, to deeper zones. In most locations ttiere is some component of 
descending flow; exceptions occur near to surface-disdiarge features such as streams 

^̂  Pore space refers to tx}th intergranular space within unconsolidated sedimentary deposits and 
fradures within rock. 
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where flow often has an upward component The relative (to horizontal) magnitude of the 
vertical component of ground-water flow varies greatiy from site to site depending on the 
configuration and hydraulic conductivity of the geologic materials and on the strength of 
the vertical component of hydraulic head. 

4.3.2 Valley Fill Aquifer 

Because of its thickness and its substential hydraulic condudivity at depth, ttie valley fill 
in the study area hosts a produdive aquifer ("valley fill aquifer", a.k.a. "American 
Bottoms aquifer") which historically has been a major ground-water resource for the East 
St Louis area (lEPA 1981 pg. 15). Although the underiying bedrock is fractured and 
does yield water, ttie majority of availat)te ground water is present in, and ot)teined from, 
the valley fill. Ttie Illinois State Water Survey has charaderized ttie valley fill as 
suffidentty prolific that chances are "good" of obtaining a well yield in excess of 5(X) 
gpm, which is a large quantity. Furthermore, even though the coarsest—and hence most 
favorable—sediments occur in ttie bottom 30 to 40 ft of ttie Henry Fm., shallower sand 
and gravel lenses are common which also yiekj significant amounts of water. (lEPA May 
1988 pg. 2-34). 

The valley fill aquifer is recharged by direct infiltration of predpitetion and mnoff, by 
subsurface inflow from ttie bluff area to ttie east, and—when head configurations are 
favorable—by infiltration from Dead Creek and ttie Mississippi River and infiow from its 
buried valley channel. Predpitation is t>elieved to t>e the most significant contributor to 
ground-water rectiarge at the Site. Regionally, the constmded system of drainage 
ditches, levees, and canals protects devetoped areas but diminishes the volume of water 
available to recharge tiie-aquifer. (lEPA May 1988 Sed. 2.4; Roux 2001 pp. 2-10, 2-11). 

Ground-water usage in ttie Site vidnity as of 1988 is descrit>ed in E&E (May 1988 Sed. 
2.5). The dosest residential usage occurs along Judith Lane, where five private wells 
existed in 1988. One of the five wells was occasionally used for drinking water; the otiier 
four were used exdusively for irrigation. As of the EE/CA—RI/FS nine individual 
residential wells near to Area 1 were identified, and all were used exclusively for 
irrigation. Cahokia and Sauget city ordinances currentiy prohibit use of ground water as 
poteble water. (Roux 2001 pg. 2-11). 

Hydrogeologic Units. Site investigators tiave distinguished three hydrogeologic units 
within the valley fill aquifer (Roux 2(X)1 Sect. 2.1.5.2). These units, from ttie surface 
downward, are lat>eled the Shallow Hydrogeologic Unit ("SHU"), Middle Hydrogeologic 
Unit ("MHU") and the Deep Hydrogeologic Unit ("DHU"). The SHU contains the Cahokia 
Alluvium and upper Henry Fm., is approximately 30 ft thick, consists primarily of fine­
grained silty sand, and has low to moderate permeability. The MHU conteins the upper 
to middle Henry Fm., is approximately 40 ft thick, is composed of medium to coarse 
sand which coarsens witti depth, and is of relatively high permeability. Ttie DHU 
conteins coarse-grained Henry Fm. sand and gravel (at some locations till and tx}uklers 
are encountered 10-15 ft above the base), is an estimated 30-40 ft thick, and has high 
permeability. The lower boundary of ttie DHU is the bedrock. (lEPA August 3 1987 pg. 
2). For interpretive purposes in ttie EE/CA—RI/FS the three units are defined as 0-30 ft 
bgs, 30-70 ft bgs, and 70 ft bgs-bedrock (Roux 2001 Sect. 4.2). A ttiickness of 40 ft is 
used to approximate the deepest interval (Roux 2001 Sed. 5.2.2). 
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Where the stetic water table lies within shallow, relatively impermeable fine-grained 
materials of the SHU, the MHU-DHU "aquifer" is said to be "leaky artesian" or "semi-
confined" by the SHU "aquiterd." However, where natural conditions (such as tiie 
absence of shallow fine-grained material) or substential tocal pumpage place ttie water 
teble within coarser, more pemieable materials the aquifer is said to be "unconfined." 

Hydraulic Conductivity. Average hydraulic condudivity of the SHU has been estimated 
from slug tests as approximately 4.5x10"* cm/s (G&M 1986, pg. 21) and 3.7x10"' cm/s 
(E&E May 1988 pg. 4-53, Table 4-2). A range of values also have been reported for the 
hydraulic conductivity of the two deeper units of the valley fill aquifer. Based on an 
undted 30-year body of testing, Roux (2001 pg. 2-13) stetes ttiat ttie MHU has a 33% 
higher average hydraulic conductivity (1.6x10" cm/s) ttian ttie DHU (1.2x10'' cm/s). A 
pump test of a large-diameter MHU well on ttie Monsanto property also yielded an 
estimated hydraulic condudivity of 1.6x10'' cm/s (G&M 1986 pg. 19). On ttie other hand, 
slug testing during ttie SSP ytelded hydraulic conductivities for ttie MHU from 2.14x10*^ 
to 2.71x10"^ cm/s and for ttie DHU from 1.37x10'^ to 1.27x10"' cm/s. The slug test results 
from the SSP trend as vmu\d be expeded from the site's increase in grain size witti 
depth. 

There is reason to believe ttiat the DHU sands and gravels have a higher hydraulic 
conductivity ttian 1.27 x 10'' cm/s. DHU values may have t>een underestimated in ttie 
SSP due to ttie limitetions of slug testing in high-permeability settings (Zurbuchen and 
others 2002). Nearby pump tests of production wells at Mobil Oil (at 630 gpm) and at ttie 
WGK plant (at 1100 gpm) have yielded vertically averaged hydraulic condudivities of 
1.37x10' and 1.32x10"' cm/s, respectively (Schicht 1965, pp. 12-14, Table 7) . " Because 
these two values are ttie average over a saturated thickness of 73 and 75 ft, 
respectively, hydraulic conductivity of ttie deep Henry Fm. sands and gravels are 
expeded to exceed even ttiese values.^ In addition the indusion of till, which generally 
is relatively impemneable, within the thickness of the DHU in some tests may be 
responsible for underestimation of hydraulic condudivity of the DHU sand and gravel 
deposits in those tests. 

The values of hydraulic condudivity used in ttie EE/CA—RI/FS are 1x10"^ cm/s for the 
SHU, and 1x10"' cm/s for botti ttie MHU and DHU (Roux 2001). 

Ground-water hydraulic gradient, unpumped. The Mississippi River is a gaining stream 
and ads as ttie discharge boundary to ttie alluvial aquifer (i.e., to the MHU and the 
DHU). Beneath Sauget Area 1, under unpumped conditions ground water flow witiiin ttie 
alluvial aquifer is generally west-northwest (approximately N60-65°W) toward the 
Mississippi River. This is infenred flnom Roux (2001 Figs. 4-29, 4-30, 4-32, 4-33) and is 
as expected due to the local NNE axis of the Mississippi River. An E&E computer model 
of ttie SHU and MHU assigned a comparable average horizontal gradient of N59°W 

^ Based on 10 aquifer tests and 100 specific capacity tests conducted on industrial, munidpal, 
imgation and relief wells, hydraulic conductivity values of the regional valley txittom aquifer 
ranged from 4.7x10 ̂  cm/s to 1.4x10'' cm/s. (Roux 2001 pg. 2-10 citing Ritchey and Schicht 
1982). 
^ For the same reason G&M (1986, pp. 22-23) increased the WGK aquifer test result by 50% to 
1.98x10'cm/s. 
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(E&E May 1988 Fig. 5-9). "The horizontal component of the hydraulic gradient within the 
alluvial aquifer t}eneath Area 1 averages approximately 0.001 ft/ft. 

The horizontel component of the hydraulic gradient within the SHU generally points west 
to slightiy north of west. Modest spatial arxJ temporal variability in ttie gradient (e.g., E&E 
May 1988 Figs. 4-23 through 4-25; Roux 2001 Figs. 4-28,4-31) may reflect local 
heterogeneity of SHU materials and transient drainage events. Because of tills variability 
there is some uncertainty in the direction of ground-water flow—and the alignment of 
consequent shallow conteminant plumes—within the SHU. 

The vertical component of the hydraulic gradient within the SHU induces downward flow 
from the SHU to the MHU; indeed in some tocations the head difference from the water 
tet>ie to ttie MHU is several feet. The vertical gradient wittiin ttie SHU is an estimated 
0.015 ft/ft, which is more than an order of magnitude greater than the horizontel 
hydraulic gradient of 0.001 ft/ft (E&E May 1988 pg. 5-21). This vertical gradient exists 
because the MHU drains more easily ttian ttie SHU to ttie Mississippi River. "The vertical 
component of hydraulic gradient t>etween the MHU and DHU is generally small now ttiat 
industrial pumpage has ceased (ttie small gradient is due in part to the high p>ermeability 
of botti units) and apparentty varies in sign (up or down) as a function of location and 
season. (E&E May 1988 pp. 5-15, 5-21, 7-18; Roux 2001 pg. 2-13, Sects. 4.2.6. 5.2.3, 
Figs. 4-28 to 4-33). 

The large (approximately two orders of magnitude) contrast in hydraulic conductivity 
between ttie SHU and MHU and ttie approximately 15 times larger vertical hydraulic 
gradient are condudve to downward flkiw within ttie SHU. Indeed, the E&E numerical 
model of ground-water flow inferred that flow is predominantiy vertical within ttie SHU 
(E&E May 1988 pg. 5-28). In essence, ground water makes its way a few tens of feet 
down to the more permeable MHU rather ttian traveling long horizontal distences within 
the less permeable SHU, as efficadously as recharge permits.^ Given that such vertical 
flow predominates within the SHU, conteminant plumes may not extend far t^eyond 
source areas in the SHU but are expeded to reach greater distances in ttie MHU and 
DHU. (E&E May 1988 pg. 7-34). 

Ground-water velocity. Ground-water velodty is a fundion of hydraulic condudivity, 
hydraulic gradient and effective porosity. All of these—but espedally hydraulic 
conductivity—vary spatially, and field measurements do not folly delineate ttiese 
distributions. Hydraulic gradient also varies temporally, particulariy due to historical 
changes in pumpage. Therefore ground-water velocity is an approximate quantity, and 
some uncertainty is to be expected. 

Available estimates of ground-water vetocity are as follows. Flow in the SHU absent 
local pumpage is at an estimated 19 ft/yr (E&E May 1988 pg. 4-55), 30 ft/yr (Roux 2001 
Sect 5.2.3) or, based on date fit>m adjacent Monsanto, 7.3 ft/yr (G&M 1986 pp. 21-23). 
Flow in ttie MHU absent local pumpage is an estimated 300 ft/yr (Roux 2001 Sed. 5.2.3) 
or, based on data from adjacent Monsanto, 1600 ft/yr (G&M 1986 pp. 21-23). Flow in the 

^ A similar condition exists within an aquiterd t)etween two aquifers: flow is neariy vertical in the 
aquitard and neariy horizontel within the aquifers. In the current setting, the aquitard is a surfidal 
unit overlying an aquifer, and the degree of vertical flow is affected by the rate of infiltration. 
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DHU absent local pumpage is an estimated 300 ft/yr (Roux 2001 Sect 5.2.3) or, based 
on data from adjacent Monsanto, 2400 ft^r (G&M 1986 pp. 21-23). 

Ground-water conditions during period of irxlustrial pumpage. Historically, ground water 
was extraded from ttie valley fill aquifer to provide industrial, drinking water, and 
irrigation water supply needs. Industrial withdrawal was at one time extensive, peaking in 
1962 at more than 35 million gallons per day ("gpd") (24000 gpm). Average daily 
pumpage from ttie East St. Louis-Sauget-Cahokia area from 1890-1980 is shown in 
Figure 4.3. In the Sauget vidnity deep cones of influence (approximately radial 
depressions in ttie ground-water table) were induced by ttie pumpage. G&M (1986, pg. 
6) indicates ttiat most or all production wells were screened in the DHU; E&E (May 1988 
pp. 4-45, 4-46) stetes that both ttie MHU and DHU were pumped at Monsanto. Under 
natural conditions the water teble is about 10 to 15 ft bgs. Due to exti'action the water 
table reportedly was about 25 ft bgs in 1950 (E&E May 1988 pg. 2-45) and up to 60+ ft 
bgs in 1961 (G&M 1986, Fig. 5). Water teble dedine from 1900 to November 1961 is an 
estimated 50 ft (Emmons 1979, pg. 9). Regional potentiometric surface maps for 1900 
through 1985 illustrate the development and dissipation of the deep cone oiP depression 
in ttie Sauget vidnity (Schicht and Jones 1962 Figs. 31, 32, 33; Schicht 1965, Figs. 52, 
53, 54; G&M 1986 Fig. 5; E&E May 1988 Sed. 4.1.3.2, Figs. 4-21, 4-22). During the 
period of increasing pumpage the water table descended from within the fine-grained 
materials to within the coarser-grained deposits (Schicht 1965, pg. 11, Figure 8). 
Ground-water levels from ttie pumping centers all ttie way to the shore were ttien below 
the Mississippi River stege, thus inducing flow from the river into the aquifer (Schicht 
1965, pg. 41, Tables 23, 25; Schicht and Jones 1962 pg. 15, Figs. 22, 23; G&M 1986 
Figs. 5, 6; G&M 1996 Fig. 4; E&E May 1988 pg. 4-45).* 

The Monsanto Chemical supply wells appear to be at ttie center of the largest cone of 
depression, inducing convergent flow towards them from all directions induding from the 
Amax, (Derro, and Midwest Ruliber properties (G&M 1986, pg. 7). "The maximum dedine 
in the water table at Area 1 Sites, which are offset to the south from the Monsanto 
property, was about 20 to 30 ft (E&E May 1988, pg. 7-46) con-esponding to elevations of 
about 370 to 380 ft MSL (E&E May 1988 pg. 4-46). Anottier major pumping center, 
Monsanto Ranney well #3 adjacent to the Mississippi River west of the northem border 
of Area 2 Site R (Fig.2.1; IAG0443), was active from 1960 to 1973 and may have 
affeded Area 1 flow direction during that period (E&E May 1988 pp. 4-41, 4-45, 4-46). 
Within Area 1 the net effed of the Monsanto pumping centers was to redired ground­
water flow toward the north. 

As mentioned atxjve, the several Monsanto produdion wells reportedly are screened in 
both the MHU and DHU. If much of the totel yield was drawn from ttie deeper zone, ttiis 
would have induced a downward component of flow from the MHU to the DHU. If so, 
although the current diredion of ground-water flow between the MHU and DHU is 
variable, ttie historical gradient and induced flow would have been strongly downward. 

^ Schicht (1965) provkles Mississippi River stage data for only 1965. The shape of the 
piezometric contours in Schicht (1965, Figs. 52, 53) implies flow from the river to the aquifer on 
the other two dates. 
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Any such a downward gradient would have existed during the periods of active disposal 
at all of ttie Area 1 Sites.^^ 

Industrial ground-water usage subsequentiy dedined, purportedly as a byprodud of ttie 
Clean Water A d (G&M December 22 1987 pg. 6) and/or due to regional deterioration in 
ground-water quality (G&M 1986 pp. 6-7; E&E May 1988 pg. 2-39). G&M (1986 pg. 8) 
estimates ttiat not until late 1980 did ground-water flow toward ttie Mississippi River 
reesteblish itself; E&E (May 1988 pg. 4-45) likewise places ttiis reversal sometime 
between 1977-1980. In 1988 wittidrawal was less ttian 0.5 million gpd^, and as of 2001 
no ground water was t>eing pumped in ttie vidnity of Area 1 for industrial or public water 
supply purposes (G&M 1986 Figs. 4 ttirough 7; E&E May 1988 pg. 2-39; Roux 2001 pg. 
2-11; Solutia 2002 pg. 1-8). Witti ttiis dedine in demand, aided by high river steges and 
high precipitation, ttie water teble rebounded into the SHU (ISWS 1982 draft figure at 
IAG1138; Roux 2001 pg. 2-11). Under post-1980 conditions ground water moves 
predominantiy from the Site to the river, although during high river stege fiow direction 
reverses temporarily for up to several ttiousand feet from ttie shore (G&M 1986 pp. 13-
14). Such reverse flow conditions exist for an estimated 45 days per year-—12% of ttie 
time—according to G&M (1986 Vol. 2 pg. 3). A computer model of ttie SHU and MHU 
inferred ttiat ttie line of reversal ("zero velodty line") does not penetrate as far inland as 
Site G in eittier hydrogeologic unit (E&E May 1988 Sed. 5.2.6.1). 

Infiltration of Dead Creek waters to ttie ground-water table. Water within Dead Creek 
infiltrates the creek bottom sedimente and enters the SHU. E&E observed evkjence of 
such rectiarge. In 1987 a small ground-water mound was discemable t^eneath CS-A. 
Creek water elevation was about 2.5 ft above the ground-water teble, this head 
difference apparentiy was susteined by the relatively lower permeability creek bed 
sediments. Even so, some infiltration of CS-A pond waters to the SHU was occurring. 
This infiltration manifested as an elevated ground-water table at vt^ll EE-15 adjacent to 
the northem pond. (E&E May 1988 pg. 4-52). Historically, infiltration rate likely dedined 
as sewer sediment and wastes accumulated on the creek bed, and then increased again 
after the creek was dredged. 

There is no reason to believe that infiltration through the creek bottom was unique to CS-
A. E&E speculated that some infiltration also would occur within CS-B when and where 
the creek was not dry (E&E May 1988 pg. 4-52). E&E did feel that "evaporation is 
probably the major cause of water loss in the northem half of CS-B" because infiltration 
is limited by fine-grained sediments and surfidal mbbery waste material downstream of 
a Midwest Rubber outfall within this sedion. On the other hand, "water losses due to 
infiltration may be greater" in the souttiem half of CS-B due to greater pond depth. (E&E 
May 1988 pp. 4-23, 4-24). (E&E May 1988 pp. 4-53, 7-19, 7-42). 

Discharge of ground water to Dead Creek. Conversely, E&E (May 1988, pp. 4-52, 4-53, 
7-42) found that ground water did not drain to CS-B (barely). The water teble elevation at 
three neariay wells (EEG-102, -109, and -110) during ttie highest (May 1987) of three 
measurement rounds was still 1 to 2 ft below the bottom of the creek. Ground-water 

^̂  The last disposal site to receive wastes. Site L, began accepting tmck wash effluent in 1971. 
(Aerial photography indicates eariier excavations—see Sed. 3.1.4). 

Industries with adive wells in 1988 apparently included Steriing Steel, Big River Zinc, Midwe 
Rubber, Clayton Chemical, and others of undear klentity (E&E May 1988, Fig. 2-40, pg. 2-39). 
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elevation at these three wells during ttie 1999-2000 EE/CA—RI/FS field worî  was lower 
than the May 1987 levels and thus again tower than ttie creek bottom (OBG Septemt>er 
2000 Tables 4 ttirough 7). Roux (2001 Sect 5.2.3) similariy observed ttiat ttie ground­
water elevation in ttie SHU typically is tower ttian ttie surveyed t>ase elevation of ttie 
creek segments, "fhus CS-B consistentiy tias t>een found to t}e a "losing creek." 
However, stiould ground-water elevation rise nxxlestiy in the future, say due to a period 
of high rainfall, ground water would discharge to CS-B. 

4.3.3 Bedreick Aquifer 
No site-specific information is available conceming ttie hydrogeology of ttie bedrock. 
Regional information indicates that the rock does yield ground water. "Wtiere ttiese 
bedrock fomiations are located immediately below ttie unconsolidated material, suffident 
groundwater is available for small or medium users. However, because of the 
abundance of the ground water in ttie valley fill sand and gravel, the bedrock aquifer is of 
little significance in ttie stijdy area." (lEPA May 1988 pg. 2-34; Bmin and Smith 1953; 
Bergstrom and Walker 1956 pg. 14; Schicht 1965 pg. 8). Neverttieless, Mississippian 
limestones do yield groundwater from solution channels and jointe and are potential 
sources of ground water in ttie area (Bergstrom and Walker 1956 pg. 24). 
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5. GROUND-WATER QUALITY 
In ttiis section I discuss ttie processes which enable migration of waste chemicals to ttie 
ground water, selected observed ground-water chemical date, and inferred distributions 
of selected ground-water conteminants within Area 1. 

5.1 Processes o f Contaminant Transport to Ground Water 

In Area 1 wastes have been released to ttie environment as free and leaky-conteinerized 
(e.g., dmmmed) liquids and solids. Both liqukj and solid wastes may be deposited atx}ve 
or k)elow the ground-water teble. Some of ttie liquid wastes are aqueous (water-tiased) 
solutions; the remainder are norvaqueous liquids. This section discusses general 
transport processes which convey wastes to the ground water. 

5.1.1 NAPL 
Non-aqueous phase liquids ("NAPLs") such as foels, chlorinated hydrocarison solvents, 
and otiier non-aqueous chemical process wastes, if released in suffident quantity, flow 
downward through soil to the water table. Both above and t>elow ttie water table a 
fraction of ttie flowing NAPL is reteined as immobile "residual" NAPL wittiin the host 
geologic medium. Such residual may appear as "stains" reported in t>oring logs. For a 
given medium ttie extent of NAPL migration is controlled prindpally by ttie released 
volume, because in order to flow NAPL must satisfy and exceed the residual demand 
along its path. The residual NAPL at>ove the water teble, alttiough immobile, is in 
intimate conted with infiltrating unsaturated flow (e.g., from raintell) and dissolves into it. 
The descending recharging waters ttius become conteminated and carry dissolved 
waste substences to ttie ground-water teble. 

If a NAPL is lighter than water ("LNAPL") it floats^ on the water table and spreads 
laterally until ttie release is depleted (Fig. 5.1). LNAPL also vaporizes into ttie soil gas, 
creating a vapor plume. This vapor plume spreads vertically and laterally, and may 
dissolve into the ground water at locations not groundwater-downgradient of the spill. 

If a NAPL is denser than water ("DNAPL") and of suffident volume it continues to sink 
through the saturated zone until ttie release is depleted or a barrier such as clay or 
bedrock is encountered. At such barriers lateral down-slope flow will occur until a break 
in the barrier is encountered or the release is depleted (Figure 5.2c). 

For txjth LNAPL and DNAPL, to the degree that the NAPL is soluble in water it dissolves 
into passing ground waters, thus creating a "plume" of contamination (Figure 5.1, Figure 
5.2). 

Because most waste NAPLs are sparingly soluble in water, ttiey dissolve only gradually; 
some residual DNAPL may persist for over a hundred years. The consequent "low" (e.g. 
parts per million as compared to ttie pure or fradional concentration of the substence in 
NAPL) concentrations of ttie waste substences in equilibrated ground water are 
nevertheless typically of environmentel concem. Over time as ttie more soluble fraction 

39 

Adually, there is a vertical zone of transition from 100% LNAPL to 100% water, but for the 
purposes of this report it may be ignored. 
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of a NAPL preferentially dissolves (or the more volatile fraction of a NAPL in the vadose 
zone volatilizes), the composition of the remaining NAPL shifts and thus the composition 
of the emanating plume also changes. In summary NAPL creates a persistent source of 
contemination whk:h generates an evolving conteminant plume within passing ground 
waters. (Pankow and Cherry 1996). 

5.1.2 Aqueous Liquids 
Some waste substances are released as aqueous solutions. Certein industrial wastes, 
wash waters, and sewer wastes consist of or contain such contaminated water. In some 
cases ttie conteminated solution may be combined witti NAPLs as a mbcture or 
emulsion. The dissolved conteminants may enter the subsurface by direct disposal, by 
infiltration from spills or ponds, or by leakage from sewers. The conteminants then 
migrate downward with the solvent water toward the ground-water teble. In some 
settings the release point is t)elow the water table, in which case given sufficient head 
the waste solution simply enters the aquifer direcUy. If the volume of release is suffident, 
a hydraulic mound may form at or below a release point indudng ground-water flow 
radially outward in all directions induding against ttie regional flow. 

Migrating solutes also sorb to the geologic medium, so ttiat a portion of the dissolved 
chemicals in the vadose zone do not initially reach the water teble. Later, when relatively 
dean water (say from predpitation) passes through, these waste substances desorb into 
solution and are carried to the water teble. The same process of exchangeable sorption 
occurs throughout a ground-water plume, generally delaying ("reterding") migration of 
the dissolved conteminants in comparison to ttie migration of the water itself. The 
magnitude of sorption and retardation depends on properties of ttie contaminant, of ttie 
geologic medium, and to some degree of ttie ottier substances in solution. 

5.1.3 Solids 

Conteminated solids may occur as directiy dumped or landfilled conteined or 
uncontained wastes, and as contaminated sediments deposited adjacent to or in a 
stream channel. In the latter case, the sediments may be particulate matter carried 
within liquid waste discharged to the stream, natural soil conteminated elsewhere (e.g., 
at industrial properties) and carried with storm mnoff to ttie stream, or soil conteminated 
after entering ttie stream. 

Solid wastes may dissolve or desoriD into infiltrating vadose water or flowing ground 
water, and thus create or exacerbate a conteminant plume. In addition, transport of 
normally low-solubility hydrophobic substences (e.g., PCBs, DDT, some polynudear 
aromatic hydrocarisons "PAHs") and heavy metals may be enhanced by fadliteting 
processes such as sorption to tiny organic and inorganic partides (collokis) which are 
mobile in ground water, and by increased solubility due to cosolvent efteds (in tx)th 
miscible and immisdble solvents). (Huling 1989). 

Note on saturated waste. Several of ttie disposal area fill bottoms and ttie infilled 
sediment t}eneath Dead Creek^ currentty lie within the saturated zone (i.e., t>elow the 

'*° Contaminated creek sediments in CS-B extend approximately seven feet (elev. 394 ft msl) 
below the creek bed, and therefore passing ground water is in contact with creek-derived 
contaminants even during low water level periods (E&E May 1988 pp. 4-53, 7-19, 7-42). 
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ground-water table). This fadlitates the dissolution of waste materials into the ground 
water at those locations and likely increases ttie fradion of ttie waste material which 
enters the ground water rather than being depleted by vaporization or chemical 
degradation. During ttie period of high industrial pumpage ttie water table was tower and 
may not have saturated ttie waste pits. Neverttieless at that time the infiltration of 
predpitetion ttirough the wastes would tiave carried contemination to the water table. In 
the deeper pits ttie distence to the water teble was at most short and ttirough quite 
permeable materials. Seepage of liquid wastes also would have conveyed NAPLs and 
substences dissolved within ttie NAPLs into the ground water. 

The deep pits appear to be locations of relatively highly conteminated ground water. 
Inference of conteminant distributtons generally should refled ttiese potential tiot spots 
whether or not tiiey have been sampled. (For ttie purposes of this report such spatial 
resolution was unnecessary). 

5.2 Background Ground-Water Quality 

Ground water naturally conteins dissolved substances, induding many of the metels 
which are of interest to this study. In addition, several industries have operated 
upgradient (east to ESE) of Area 1 and tiave released conteminants to ttie ground water 
beneath their properties. Known sources exist or have existed at the Mobil, Steriing 
Steel, and T.J. Moss facilities (Solutia 2000, pp. 3-6 ttirough 3-11; Solutia 2002 Sed. 
2.1.2). Wells have t}een installed at ttiese fadlities during environmentel investigations 
distind from Area 1 activities, and ground-water quality date is available. For instence, 
certein date on Mobil is collected in Solutia (2000, Appendix 8), on Steriing Steel in 
Solutia (2000, Appendbc 11) and on T.J. Moss in Solutia (2000, /^pendbc 12). Some 
summary date for the Moss site is available in E&E (Febmary 1998, pp. US07295-
304)."' 

It is appropriate to charaderize the ground-water quality immediately upgradient of each 
Site in order to distinguish Area 1 contaminant releases from incoming natural or 
anthropogenic ground-water constituents. As a component of the E&E (May 1988) field 
investigation, four SHU t)ackground wells were seleded and sampled. EEG-102 
upgradient of Site G, EE-04 upgradient of central Site H, EE-20 upgradient of northem 
Site I, and EEG-108 upgradient of Site L (E&E May 1988 pg. 7-45). I also use ttiese 
wells as background stetions. In ttie current report well EEG-108 does double-duty as a 
background well for CS-B. I also use EEG-110 upgradient of central Site G as an 
additional Site G background well. 

During 1999-2000 the EE/CA—RI/FS colleded background ground-water data for ttie 
same Sites but expanded sampling to all three alluvial hydrostratigraphic units (SHU, 
MHU, DHU). The deeper samples are importent because conteminant migration 
generally is expeded to move downward t)eneath waste areas and then horizontelly in 
ttie more permeable MHU and DHU (Section 4.3.2). For Site H ttie tivo deeper (MHU 
and DHU) background samples, herein lat)eled EE-04*, were collected 790 ft ENE of 
EE-04 (an SHU well) t)ecause the property owner prohibited access to EE-04 for 
additional drilling (OBG 2000 Sed. 3.16; Roux 2001 Sed. 3.3.1.8). Although formally 

*'' I have not used data and reports on these upgradient fadlities to further evaluate ground-water 
background conditions, but may do so at a future time. 
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linked to EE-04, EE-04* is distant from it and constitutes a distind Area 1 background 
sampling location (Figure 6.1). 

At each background well location I use ttie maximum concentration over depth to 
represent k)ackground concentration. Results from ttie EE/CA—RI/FS for ttie ctiemicals 
of interest are given in Tables 3.2 through 3.5,3.8, and 3.9. Those tebles show 
detedions of chlorinated benzenes, benzene, ethylbenzene, xylenes, TCE, naphthalene, 
acenaphthene, benzo(a)anthracene, chrysene, and 2,4-T in various background wells. 
Heavy metals were detected at concentrations typical of unconteminated ground waters 
except for slightiy elevated chromium (at four wells, ranging from 40J to 180J ug/l),**^ 
lead (21 ug/l at EE-04*/MHU; 22 ug/l at EE-20/DHU), molybdenum (28 ug/l at EE-
04*/MHU; 49 ug/l at EE-20/DHU), nickel (180 ug/l at EE-04*/SHU; 62 ug/l at EE-
04*/MHU; 56 ug/l at EE-20/DHU), and vanadium (54 ug/l at EE-04*/MHU; 50 ug/l at EE-
20/DHU). Finally, background sample EE-04*/SHU is notable for its elevated potassium 
(170 mg/l, tied for highest of all wells in ttie EE/CA—RI/FS). 

Based on ttie obsen/ed water quality at locations EE-04, EE-04*, EE-20, EEG-102, 
EEG-108 and EEG-110 in botti ttie E&E and EE/CA—RI/FS stijdies, ground water 
approaching the Area 1 Sites is not devoid of contaminants. However, it is relatively 
dean compared to ttiat beneath most of ttie Area 1 disposal sites. Furttiermore, where 
deteded background concentrations are in the MHU and DHU and deteded 
concentrations beneath source areas are In the SHU (a frequent occurrence), ttie 
likelihood of background interterence remains quite small. I have found ttiat the 
observed background concentrations generally permit me to confidentiy make inferences 
on releases from the disposal Sites. 

Note on E&E background ground-water quality data. For purposes of inferring releases 
in this report, ttie United Stetes has instructed me to rely prindpally upon ground-water 
quality date developed during the EE/CA—RI/FS. For completeness I also have 
examined the background results from ttie 1987 E&E sampling events (E&E May 1988, 
App. D). Only the SHU was sampled at that time. The E&E background well samples 
deteded the following organic chemicals of interest 

Site G: EEG-102 — 36 ug/l chlorobenzene 
EEG-110 — 1 ug/l benzene, 6 ug/1 chlorobenzene, 30 ug/l 4-chloroaniline 

Site H: EE-04 — no organics 
Site I. EE-20 — no organics 
Site L: EEG-108 — 1 ug/l benzene, 1 ug/l chlorobenzene. 

If these date had t)een used to develop ground-water background concentrations in this 
report, the background concentrations would tiave increased at Site G for chlorobenzene 
(from 11 to 36 ug/l), benzene (from nd(5) to 1 ug/l), and 4-chloroaniline (from nd(20) to 
30 ug/l). At Sites H and I no change would have occurred. At Site L the background 
concentration would have increased very modestiy for l)enzene (from 0.99J to 1 ug/l) 
and chlorobenzene (from nd(5) to 1 ug/l). With resped to metals of interest, in no case 
was an E&E concentration greater ttian ttiat deteded in ttie EE/CA—RI/FS for each of 

'̂ ^ The standard notation is used herein to qualify analytical results: J=estimated, D=diluted, 
nd(x)=not detected at a detedion limit of x Standard abbreviations are used for units: 
mg=milligram, ug=microgram, kg=kilogram, l=Wer, ppm=parts per million. 
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the five background wells. (E&E May 1988 pp. 7-33 to 7-35, App. D). If the E&E ground­
water background had been used it wouki not have elicited any changes in the release 
inferences of Table 3.2 ttirough Table 3.9. 

Note on Site G background water quality. Because Site G is downgradient of Sites H, L 
and CS-B, its upgradient ground water may contein contemination from one or more of 
ttiose sites. Indeed , when sampled during the EE/CA—RIFS ttie Site G SHU 
background wells EEG-102 and EEG-110 conteined ttie following chemicals of interest: 
79 ug/l chlorinated benzenes, 9.5J ug/l molybdenum, 150 ug/l nickel, and 540 ug/l zinc. 
Somewhat similar results were obteined for the same wells during the E&E study: 36 ug/l 
chlorobenzene, 30 ug/l 4-chtoroaniline, 111 ug/l nickel, and 53 ug/l zinc. 

In this report ttie EEG-102 and EEG-110 results are used to characterize Site G SHU 
background water quality. Only SHU infonnation is available from these stations (in botti 
studies) whereas much of ttie horizontel conteminant migration at Site G is expeded to 
occur in ttie deeper units. Therefore, ttiese SHU background date provide an incomplete 
pidure of ttie water quality approaching Site G. The upgradient station for Site L, EEG-
108, also is upgradient of Site G and was sampled in all ttiree alluvial hydrostratigraphic 
units. Of course it does not intercept any releases from Site L, but it does reflect whettier 
other upgradient facilities or activities may have contaminated oncoming ground waters. 
At EEG-108 ttie only deteded conteminante are at relatively low concentrations: 
benzene (0.99J ug/l), TCE (0.57J ug/l), and several metals (Table 3.5). Therefore 
activities upgradient of Area 1 do not appear to complicate interpretetion of releases at 
Site G. 

The effect of releases from Site L on Site G background are more problematic. As 
discussed in Sedions 5.3.4 and 6.2.1, Site L contributed significant contamination to the 
SHU (at SHU well EEG-109: benzene, chtorobenzene, chloroform, 4-methyl-2-
pentanone, chlorinated and methylated phenols, 4-chloroaniline, and [E&E date only] 
toluene and 2-nitrophenol). This contamination is expeded to tiave migrated into the 
MHU and subsequentiy to have affeded the aquifer within the southern portion of Site G. 
Absent any MHU or DHU station between Sites L and G, it is a challenge to discriminate 
the source of contaminants found at txjth Site L and in the MHU and DHU beneatt) and 
beyond Site G. However, as demonstrated by the relatively low number and levels of 
conteminants in intervening SHU well EEG-102 (11 ug/l chlorobenzene, 58 ug/l 1,2-
dichlorobenzene, 9.5J ug/l nrKslytxJenum), contamination within the SHU in Site G is 
attributable to Site G releases. Ttierefore any ambiguity in the origin of conteminants in 
tiie MHU or DHU beneath Site G is not important to the release opinions of this report. 

5.3 Area 1 Ground-Water Quali ty 

In this section I address the water quality of ttie ground water t)eneath and down-
gradient of Sites G, H, I, L, M, N, CS-A, CS-B, and ttie sewer lines within Area 1. 
Attention is restrided to ttie "chemicals of interest" to ttiis report. As instmcted by the 
US, I rely prindpally on data obteined during ttie EE/CA—RI/FS. 

Beneath Source Areas. The primary purpose of ttiis report is to identify chemicals 
released to ground water at ttie Area 1 Sites. Data from all four hydrostratigraphic units 
were examined, and SHU wells located within or immediately adjacent to ttie Sites 
proved to contain the highest concentrations and the broadest array of substances. This 
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is as expeded because of the horizontel and vertical proximity of the SHU samples to 
the sources. As a result, much of wtiat I condude in Sedion 6 conceming releases 
stems from SHU date. 

But one should not infer ttiat the MHU and DHU are relatively unconteminated t>eneath 
the source areas. There is almost no water quality data for ttie MHU and DHU beneath 
the source areas: samples have t>een collected from only two such stetions (H-S1,1-S4). 
At other locations the valley fill aquifer beneath the source areas can be charaderized 
only indiredly by samples from below its base (ttiree bedrock wells BR-G, BG-H, BR-I) 
and from immediately downgradient (GHL-S1, H-S1,1-S1). One finds that some of ttiese 
stetions have very high concentrations of chemicals of interest, particulariy 
chlorot}enzenes. Some of ttie bedrock samples indicate ttie likely presence of DNAPL 
(Roux 2001 App. D). Residual and pooled DNAPL beneatti ttie source areas (e.g., on till, 
or on tiie bedrock surface) will generate dissolved contaminant plumes beneath and 
downgradient of the source areas within the valley fill aquifer. 

At all of ttie Sites it is expeded (and wtiere examined, it is found) that interred waste 
concentrations vary widely spatially at ttie sut>-Site scale. Therefore at ttie suk>-Site scale 
ground-water contaminant concentrations also are expected to vary wklely wittiin and 
adjacent to the Sites. "It is prot}able that the contaminant plumes emanating from 
sources... create discreet plumes or fingers' (lEPA June 30 1987, pg. 3). It is unlikely 
that ttie relatively few ground-water sampling stetions have intercepted the highest 
concentrations emerging from each Site. This is tme for txjth ttie SHU and the deeper 
units. For purposes of identifying and diaraderizing chemicals of interest released to 
ground water at each Site it is reasonable to use the maximum observed concentration 
over ttie Site wells, and that is the approach teken in ttiis section. 

Downgradient of Source Areas. A secondary purpose of this report is to examine the 
extent of contaminant migration from the Area 1 Sites. There are only a few 
downgradient ground-water stations which sampled the MHU and DHU, and most of 
these stations are offset from expeded paths of migration from the Sites (Section 6.1). 
As a result ttie data do not permit meaningful inference of ttie extent or severity of 
migration from the Sites. Only "lower-bound" conclusions can be drawn from tiie data 
(e.g., "contamination has gone at least so far, and with at least such a concentration"). In 
Section 6 I discuss this point and illustrate it with a diagram for chlorobenzene. I 
othenvise do not present results or opinions conceming downgradient conteminant 
migration of ttie chemicals of interest. 

5.3.1 SiteG 

Chemicals of interest were deteded in all four hydrostratigraphic units beneatti, and 
three units downgradient of. Site G (bedrock was not monitored downgradient). For each 
chemical and each hydrostratigraphic unit ttie maximum deteded concentration is 
shown In Table 3.2. Almost all of the Site maxima were encountered at SHU well EEG-
107 which is screened in sand betow waste materials (E&E May 1988 pg. 7-33, App. D). 
EEG-107 conteins benzene (37000D ug/l), chlorobenzene (4300D ug/l), toluene (8500D 
ug/l), 4-chloroaniline (23000D ug/l), 2,4-dichlorophenol (3600 ug/l), 3- or 4-metiiylphenol 
(2400 ug/l), naphthalene (2100 ug/l), phenol (14000D ug/l), and pentechlorophenol 
(20(X) ug/l), as well as numerous ottier organic chemicals of interest at less than 1000 
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ug/l.^ Vanadium (330 ug/l) also is elevated at EEG-107, as is molybdenum (450 ug/l) at 
EE-05. 

Well EE-11 is located midway atong ttie north border of Site G (E&E May 1988 Fig. 3-7) 
but was not sampled during ttie EE/CA—RI/FS. As a result EE-11 does not appear in 
ttie EE/CA-RI/FS figures or concentration tables. In 1987 EE-11 was sampled and found 
to contein numerous organic compounds. Reported concentrations did not imply that 
NAPLs of the quantitated substences necessarily were present, but did indicate 
substential contamination of the ground water. 4-chloroaniline (15000E ug/l) and 
chlorot>enzene (2500 ug/l) were the two most concentrated substences in that sample. 
(E&E May 1988 App. D). 

No Site G maxima were deteded within the MHU although several compounds were 
present. The DHU conteins the highest Site G concentrations of chromium (570 ug/l), 
lead (45 ug/l), and nickel (150 ug/l); however, tiie last equals ttie background nickel 
concenti^ation from EEG-110. 

PCB's were detected in all four hydrostratigraphic unite, with ttie maximum in ttie 
bedrock well BR-G (73 ug/l). Several additional compounds were found at high levels in 
BR-G induding ttie insectidde 2,4-D (440D ug/l), the heriaidde MCPP (2500J ug/l), and 
the VOC 1,2,4-trichlorobenzene (87000D ug/l). 

5.3.2 Site H 
Chemicals of interest were deteded in all four hydrostratigraphic unite t>eneath, and 
three downgradient of. Site H (bedrock was not monitored downgradient). For each 
chemical and each unit tiie maximum deteded concentration is shown in Table 3.3. 
Almost all Site maxima were encountered at SHU wells EE-01 and EE-02. EE-01 is 
screened in fine-medium sand beneatti approximately 17 ft of waste. EE-02 is screened 
in very fine sand; no overiying waste is togged. Organic ctiemicals of interest exceeding 
1000 ug/l in the SHU indude t>enzene, chlorot)enzene, ethylbenzene, toluene, 4-
chloroaniline, 1,4-dichlorot)enzene, naphthalene, and pentachlorophenol. Several other 
organics also are present. Metals molybdenum and zinc peak at SHU well EEG-110 
which is downgradient of Site H and is screened in fine to medium sand. (E&E May 1988 
App. B). 

The MHU contains high concenti^tions of chtorobenzenes (up to 14000 ug/l), MCPP 
(3600J ug/l), total PCBs (9.82 ug/l) and nickel (720J ug/l). DHU contaminants are very 
similar, including two compounds above 1000 ug/l: chlorobenzenes (up to 2400D ug/l) 
and MCPP (4400D ug/l), totel PCBs (12 ug/l), zinc (1000 ug/l), and additional 
substences at lower concentrations. 

The single bedrock well in Site H, BR-H, conteins several organic compounds; 1,2,4-
trichlorobenzene (600D ug/l) is the most concentrated. Nickel (9600 ug/l) is elevated 
compared to the maximum nickel t}ackground concentration of 180 ug/l at EE-04. 

'*̂  Benzoic ackl, which is not a chemical of interest and was not assayed in the EE/CA—RI/FS, 
was the most concentrated organic sut)stance deteded at EEG-107 in the 1987 E&E study. 
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5.3.3 Site I 

Chemicals of interest were deteded in ail four hydrosti^tigraphic units beneath, and 
ttiree downgradient of. Site I (t>edrock was not monitored downgradient). For each 
chemical and each hydrostratigraphic unit the maximum detected concentration is 
shown in Table 3.4. Site I maxima for most sut)stances were encountered in ttie bedrock 
well sample. Very high concentrations also were deteded in SHU wells EE-14 screened 
witiiin ttie historical nortti pit of Site I (E&E May 1988 pg. 7-34) and I-S1 downgradient of 
Site I. Organic chemicals of interest exceeding 10(X) ug/l in ttie SHU indude 
chlorot}enzene, 1,2-dichloroethene, 4-chloroaniline, and 1,4-dk:hlorot>enzene. Several 
other organics also are present Metels nickel (7800 ug/l) and zinc (33000J ug/l) are 
quite elevated in shallow samples from t-S2 which was tocated about 700 ft west of Site 

The MHU also contains high concentrations of chlorobenzenes (up to 20000 ug/l), 1,2-
dichloroettiene (1400 ug/l) and 4-chtoroaniline (1700D ug/l). DHU contaminants are 
similar, induding chlorot?enzer)es (up to 3400D ug/l), naphtiialene (1400D ug/l), MCPP 
(640J ug/l), lead (4100 ug/l), zinc (6300J ug/l) and additional substences. 

The bedrock well in Site I, BR-I, conteins the highest concentrations of totel SVOCs 
(1300000 ug/l, or 0.13%) of all wells analyzed in the EE/CA—RI/FS. Neariy half of ttie 
conteminant mass in the sample is 1,2,4-tiichlorobenzene, which at 1100 mg/l exceeds 
its solubility in pure water (300 mg/l; Roux 2001 App. D, Table 1) implying ttie presence 
of DNAPL In addition to other chlorobenzenes, substances exceeding 1000 ug/l in ttie 
bedrock water sample indude 2,4-dlchlorophenol (2400 ug/l). 2,4,6-tilchlorophenol 
(1700 ug/l), naphthalene (5800 ug/l), ttie hertDidde MCPP (18000JD ug/l), and totel 
PCBs (15750 ug/l). 

It is possible ttiat CS-A, rather than ttie waste deposits of Site I, inti-oduced substences 
deteded at ground-water sta^ons west (downgradient) of CS-A. Therefore in Table 3.4 
where a maximum is from a station downgradient of CS-A, I also stiow the maximum of 
stations upgradient of CS-A. This is possible only for tiie SHU, because all MHU and 
DHU samples (except relatively unconteminated I-S4) are from downgradient of CS-A. 
Recognizing that BR-I is upgradient of CS-A, from Table 3.4 it can be seen that only two 
deteded chemicals of interest were not found in ground water upgradient of CS-A: vinyl 
chloride and 4,4'-DDT. Ttierefore K is dear that the Site I waste deposits are a source of 
the full spedmm of conteminants in ttie Site I ground water. 

In evaluation of Site I ground-water samples, I have used EE-04* as a second 
background sample (along witti EE-20). EE-04* was sampled as a substitute MHU/DHU 
location for EE-04 which is upgradient of Site H. However, due to access restridions EE-
04* was placed 790 ft ENE of EE-04, in a location which I interpret to be upgradient of 
Site I. 

5.3.4 Site L 

Only one well, SHU stetion EEG-109, ntonitors potential releases from Site L EEG-109 
is located on a thin strip of unexcavated soil between a former pit at Site L and CS-B 
(Figure 6.1). EEG-109 was charactenzBd in 1981 as "ttie most polluted" of ttie 12 wells 
sampled in that program; in ted during drilling of EEG-109 the driller and driller's 
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assistant became nauseated by the fumes escaping the subsurface. (lEPA 1981 pp. 34, 
38, boring log at US03422-23; E&E May 1988, pg. L-3). 

Chemicals of interest have been detected in EEG-109 and are tebulated in Table 3.5. 
Organic compounds above 10 ug/l indude chloroform, 4-mettiyl-2-pentenone, 4-
dhloroanilirye, 2-chiorophenol, 2,4-dichlorophenoi, and naphttialene. The herbiddes 2,4-
D and 2,4,5-T are elevated. Nickel (180000 ug/l) is at the highest concentration deteded 
in Area 1. No PCBs or PAHs are detected. In addition, the pH (an inverse measure of 
addity) at EEG-109 is consistentiy quite tow (4.1 in 1981, 4.7 in 1999), which along with 
other elevated indices such as ammonia, ctiemical oxygen demand, and sultete reflects 
grossly conteminated ground water (lEPA 1981 Table 4b; OBG Sept 2000 Vol. 1 part 2, 
pg. 97A-8). The EEG-109 ground water quality is relatively distind from that in ottier 
stations in Area 1 with resped to these parameters and also in its near absence of 
chlorinated benzenes. 

5.3.5 Site M 
No ground-water monitoring well unambiguously reflects conditions downgradient of Site 
M. This is so botti because CS-B is immediately adjacent to Site M, potentially adding to 
releases between Site M and some stations, and because ttie candidate stetions EEG-
111, EEG-105, SGW-S1, TS-S1, SW-S2 and SW-S3 are slightty outside ttie inferted 
shadow of Site M (Section 6.1, Figure 6.1). In addition, releases from Site M likely 
dedined after CS-B (to which it is hydraulically connected) ceased to serve as a surge 
pond for ttie Village sewer system in 1968. Ttierefore ttie recent ground-water sampling 
results, where they do indicate ground-water contamination, likely understate former 
releases. Likewise where a constituent is not deteded in recent data, the ground-water 
data is not condusive conceming past releases (Sedion 6.2.2). 

SGW-S1, a tiiree-deptti (15, 20, 40 ft bgs) 1999 Geoprobe sampling station, was located 
on the upgradient (SE) edge of the pond at Site M. MHU well TS-S1 was placed at ttie 
same locatton, pumped for 24 hours, and sampled at 0,12, and 24 hr. Although 
upgradient, ttiese stations may be influenced by Site M due to possible hydraulic 
mounding beneath the pond. In addition, after 12 and 24 hr of pumping TS-S1 may have 
drawn some ground water from beneath the pond. The maxima for chemicals of interest 
at ttiese two stations are shovm on Table 3.6. Deteded conteminants induded PCBs, 
PAHs, and 1,4-dichlorot)enzene. 

The maxima for tiie remaining ground-water stetions which may reflect Site M releases, 
EEG-105, SW-S2, and SW-S3, are shown in Table 3.9. These stations also may reflect 
releases from CS-B, and are described in Sedion 5.3.8. 

5.3.6 Site N 

No groundwater samples were collected tieneath or downgradient of Site N, 
notwithstending ttie presence of dmms and waste materials located within Site N. 
Consequentiy no data are available to assess groundwater contemination. 

5.3.7 CS-A 

Ground-water t>eneath and downgradient of CS-A also is downgradient of Site I. 
Therefore it is problematic to identify a water quality sampling station which 
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unambiguously charaderizes releases from CS-A. However, well EE-15 is known to 
refled a water level rise which is attiibuted to leakage from CS-A. This suggests ttiat ttie 
well also intercepts ground-water flow from CS-A to at least some degree. Water quality 
date is available for EE-15 from 1987 and 1999, and I rely on it along witti sediment date 
to indicate compounds likely released from CS-A (Section 6.2.2). 

In at least one of its two samples EE-15 conteined ttie VOCs benzene (also in a 
background well), chlorobenzene, 1,2-dichloroethene, trichloroethene, and vinyl chloride; 
and ttie SVOCs 4-chloroaniline, 2-chtorophenol, dichlorobenzenes, and 
pentechlorophenol (Table 3.8). 

5.3.8 CS-B 

It is problematic to identify ground-water quality stations potentially indicative of releases 
from the most contaminated portion of CS-B. That reach, approximately the upper third 
of CS-B nearest Queeny Ave., is downgradient of waste disposal Sites H and L and 
adjacent to Site G. Therefore ground-w^er sampling stetions downgradient of this 
portion of CS-B also are downgradient of one or more of ttiese Sites, are aftected by ttie 
Sites, and hence are not useful to discriminate releases from CS-B. The chemicals 
found in CS-B sediments are the same as those in ttie land disposal sites, preduding 
fingerprinting of creek releases. As a result I did not identify any ground-water stations 
useful for confimning releases from ttie i4)per ttiird of CS-B. 

Several ground-water sampling stetions exist downgradient of ttie central third of CS-B, 
and these stetions I infer to tie outeide the stiadows of ttie knov^ waste disposal Sites 
(Figure 6.1). Stetions EEG-103, EEG-104 and SW-S1 are ttiose least likely to have been 
affeded by Sites G, H, L or M. The first two stations sampled the SHU only; the last 
sampled from ten depths (14 ft to 101 ft bgs) spanning all ttiree alluvial 
hydrosti^tigraphic units. EEG-103 is immediately adjacent to CS-B; EEG-104 and SW-
S1 are about 450 ft downgradient of CS-B (Figure 6.1). Table 3.9 shows ttie 1999 
EE/CA—RI/FS sampling results for these stations. EEG-103 deteded no chemicals of 
interest (none above background for metels); EEG-104 detected a low level of toluene 
(0.54J ug/l).'" Station SW-SI was sampled only during ttie EE/CA—RI/FS. Chemicals of 
interest were deteded at SW-SI induding chlorobenzene, 1,4-dichlorobenzene, 1,2-
dichlorot>enzene, 1,2-dichtoroettiene, toluene, pentachlorophenol, phenanthrene, and 
2,4-D. I use EEG-108 to set background metels concentrations for this area. 

The downstream ttiird of CS-B includes Site M. Ground-water sampling stations in this 
vidnity are EEG-105 adjacent to tiie creek, SW-S2 350 ft from ttie creek and SW-S3 430 
ft from the creek (Figure 6.1). All ttiree were sampled only during ttie EE/CA—RI/FS, 
and results are shown in Table 3.9. EEG-105 contained only pentechlorophenol (0.097J 
ug/l). SW-S2, sampled at 10 depths, detected chlorotienzene, 1,2-dichtoroethene, 2-

^ The 1987 E&E sample from EEG-103 contained chlorofonn (9 ug/l), chlorobenzene (5 ug/l), 
PCBs (Arodor 1260 at 14J ug/l), and mercury (2.1 ug/l); that from EEG-104 contained benzene 
(1J ug^, chlorofonn (3J ug/l), toluene (3J ug/l), chlorobenzene (5 ug/l), and naphthalene (8J ug/l). 
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chlorophenol, 1,2-dichlorobenzene, 1,4-dichlorobenzene, pentechlorophenol, PCBs, 
chromium, and nickel. SW-S3, also sampled at 10 depths, deteded chlorobenzene, 1,2-
dichloroethene, toluene, xylenes, 4-chloroaniline, 1,2-dichlorobenzene, 1,4-
dichlorot)enzene, pentechlorophenol, 2,4-D and PCBs. In these results I tiave omitted 
detections of trichloroethene and tienzene due to their presence at tjackground stetion 
EEG-108 (Table 3.9). 
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6. OPINIONS 
In this section opinions are numbered consecutively, and explanations or commente 
follow ttiem. Section 6.1 considers ttie spatial distribution of ground-water contemination 
downgradient of Area 1 sources within Area 1 (i.e., east of Rt. 3). Section 6.2 addresses 
the releases from potential sources wittiin Area 1. 

6.1 Spatial Distr ibut ion o f Ground-water Contamination 

(1) Conteminated ground water existe over the entire cross-sedion of ttie valley aquifer 
from the surface to wittiin ttie bedrock greater ttian ICX) ft tigs. This vertical 
distribution is likely due to a comtiination of downward vertical migration of dissolved 
contemination (from SHU to MHU and—espedally historically—from MHU to DHU) 
and leaching from submerged reskJual DNAPL. 

(2) The monitoring well networic downgradient of ttie disposal areas is inadequate to 
delineate Area 1 ground-water contemination. One can establish lower txiunds on 
the severity and tiorizontel extent of contemination, but cannot reliably estimate 
plume txHjndaries or average or peak concentrations. 

At most of the Sites ground-water sampling stetion locations are adequate to determine 
whether or not a release to ground water tias occurred and to identify released 
chemicals of interest This is so tiecause releases affed SHU wells within or near to a 
Site, and a number of appropriately located SHU wells were instelled by lEPA and 
sampled during multiple investigations induding the EE/CA—RI/FS. On the other hand 
there are few sampling stetions availat)te to ctiaraderize the spatial distritxition of 
ground-water contamination downgradient of the Sites. Only the EE/CA—RI/FS obtained 
samples from the deeper (MHU, DHU) hydrostratigraphic units within which substential 
migration is likely, and most of those sampled locations are offset from antidpated 
conteminant plumes from ttie Sites. Therefore ttie available downgradient water quality 
date cannot resolve the extent or severity of conteminant migration except to establish 
"lower txiunds' (e.g., contemination migrated at least so for, with at least such a 
concentration). 

To illustrate tiiis point I have sketched the inferred diredion of ground-v>«ter flow, which 
is approximately N60°W (Section 4.3.2), on a map showing Sites G, H, I, L, and M 
(Figure 6.1). The figure shows lines extending at N60°Wfrom the edges of the Sites; the 
area within these lines downgradient of each site is a dovymgradient "shadow" of that site. 
Although variations in flow direction and dispersion can spread plumes laterally beyond 
the edge of such a shadow, the core of a plume and the assodated highest 
concentrations are expeded to occur within the shadow. Moreover, the strongest 
sources are unlikely to tie at ttie edges of tiie Sites or, therefore, at the edges of the 
shadow (excepting the boundary between Sites H and I). With this understending of 
Figure 6.1,1 next discuss downgradient water quality for Sites G, H, and L, and ttien for 
Site I. 

Sites G, H, L The downgradient aquifer stetions GHL-S2 and GHL-S3 are outside of, or 
in tiie fringe of, ttie Site G shadow. The same is true for ttiese wells with resped to ttie 
Site L shadow. GHL-S1 is ttie only MHU/DHU stetion directiy downgradient of ttie 
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interior of Sites G and L. However, aerial photography and site geophysics did not 
identify disposal other than surface debris in tiie SW portion of Site G, which is the part 
of Site G upgradient of GHL-S1 (Section 3.1.1). Furthermore tiiere is no station 
downgradient of source area well EEG-107, and EEG-107 ranks as the most highly 
conteminated location in Site G based on SHU water quality date. Similariy, ttiere is no 
stetion downgradient of substantially contaninated source area well EE-11 (which was 
not sampled during tiie EE/CA—RI/FS). In summary, tiiere is no MHU/DHU well 
appropriately located to refled the core of the contaminant plume emanating from Site 
G. 

There is no downgradient MHU/DHU station available to characterize any plume 
emanating from Site H. All three downgradient GHL stations lie outside of ttie Site H 
shadow. 

Therefore I conclude that the sampling network likely missed the more concenti^ated 
portions of the multiple contaminant plumes emanating from Sites G, H, and L into the 
MHU and DHU. As a result the existing date bias-low inferred plume diagrams. 
Contemination which is detected by this networi( lies along ttie southern fringe of ttie Site 
G (and perhaps Site L) shadow and ttierefore represents only a tower bound on the 
conteminante and concentrations likely present in ttie unmonitored core of that Site's 
plume(s). 

Site I. There are three downgradient stations assodated witti Site I. Based on aerial 
photo interpretetton in lEPA (1981)*, stations I-S2 and I-S3 lie on—or just outside of— 
the norttiem edge of the. downgradient shadow from the historical pit spanning Sites H 
and I. Thus ttiese stations are offset from ttie expeded plume^ path from that pit. As a 
result, to the extent ttiat ttiese substentially conteminated stetions charaderize releases 
from tiiat particular disposal pit at all, it is likely tiiat they understate concerrtrations 
within ttie core of ttiat plume. It is also possible that stations I-S2 and I-S3 are too far 
north to intercept contamination from the historical spanning pit, in which case ttiere is 
no information on downgradient ground-water contemination created by wastes within 
ttiat pit. 

The Site I downgradient wells do demonstrate that Site I has created a substential 
conteminant plume in the MHU/DHU aquifer. At least I-S1, and perhaps all three of ttie I-
transed stations, refled wastes from central Site I (I-S2 and I-S3 may refled the 
historical spanning pit). The most conteminated of the three transect stetions is I-S1.1-
S2 and I-S3 are not directly downgradient of I-S1 and ttierefore do not measure tiie 
maximum strength of the plume downgradient of I-S1 .*' As discussed in Sedion 5.3.3, 

^ As of the writing of this report I have tieen provkied the text but not the graphics of ERI (2002). 
When that material is made available I may revise these inferences. 
* SHU well EE-12 within the historical pit contained 680 ug/l benzene, 1400D ug/l 
chlorobenzene, 1400O 4-chloroaniline, and other chemicals of interest at lesser concentrations, 
so a plume is expeded. 
^̂  Groundwater Services Inc. (May 2001) also recognizes that I-S2 and I-S3 are offset from the 
flow line Uirough I-S1. But in using a flow direction which is more westeriy (N72°W) than I have 
inferred, GSI represents the stations as more aligned than I believe is justified. A more northerly 
flow diredion would increase the estimated ultimate length of the plume in the GSI wori;, other 
assumptions being unchanged. 
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concentrations of several chemicals of interest are quite elevated in the MHU and/or 
DHU at these three stetions. Based on samples from the most distant station, I-S3, 
contemination from Site I has migrated at least 1400 ft, using centî al Site I as a sterting 
point Moreover, ttie high concentrations at I-S3, age of ttie source, and ambient ground­
water flow imply that detecteble contamination extends within ttie Site I plume(s) l}eyond 
the westem txxjndary of Area 1. In summary it appears ttiat there is no station 
downgradient of ttie most conteminated portion of Site I, and available data (I-S2 and I-
S3) likely understate the severity of contemination downgradient of Site I and exiting 
Area 1. 

To illustrate ttie ambiguity of Area 1 downgradient contaminant distribution I have 
prepared Figure 6.2, a sketch of inferred chtorotienzene concentratton (maximum over 
depth within ttie alluvial aquifer). This sketch is to be compared with Figure 6.3 which 
was apparentty created by Solutia contractor Groundwater Services Inc. ("GSI"). 

In Figure 6.2 tiie orientation of tiie inferred 100 ug/l boundaries is more northeriy tiian in 
Figure 6.3, and the width of ttie >100 ug/l plume leaving Area 1 is wider than in Figure 
6.3.^ In addition Figure 6.2 adds a >100 ug/l plume from Site M which is suggested by 
adjacent lower concentrations but is not confimied by any stations within its core. Finally, 
Figure 6.2 infers that concentrations exceeding 20000 ug/l chlorobenzene exit Area 1, 
which I susped is more concentrated ttian that envisioned in ttie EE/CA—RI/FS.^ 

My point is not to daim ttiat one figure is inoorred, but rather to show ttiat available date 
pemnit a wide range of reasonable inferences conceming downgradient concentrations. I 
do tielieve, however, that the "kink" in the southern txiundary of the chtorotienzene 
plume shown in Figure 6.3 is an artifad of relying on an SHU station (EEG-112, 2.8J 
ug/l). MHU and DHU concentrations are expected to exceed SHU concentrations in 
downgradient areas; an interpolation of "maximum over depth" should give little weight to 
a low SHU concentration downgradient of ttie source areas. I also believe ttiat the more 
northeriy path of plumes in Figure 6.2 tietter reflects site hydraulic data. 

Note on Impact of Historical Pumpage on Contaminant Distribution. The historical 
pumpage at industrial properties within and adjacent to Area 1 diverted ground-water 
flow from its natajral riverward course. Instead, fiow within the MHU and DHU was drawn 
towards Monsanto. Downward flow from ttie SHU to the MHU was intensified, flow from 
the MHU to the DHU also may have increased, and directions of flow shifted over the 
years with changes in ttie yields of various production wells. Addition of ttie Monsanto 
Ranney well near tiie Mississippi River also may have altered Area 1 flow diredion 
somewhat during 1960-1973. (Section 4.3.2). The net result of these variations in flow 

^ If any MHU/DHU monitoring wells exist in Area 2 downgradient of, and dose to. Area 1, they 
may reduce uncertainty in the interpreted Area 1 plume. Review of Area 2 ground-water data was 
outside the scope of this report. 
^ Figure 6.3 does not indicate a maximum concentration in ground water exiting Area 1, but 
Solutia does address this matter for chlorotienzene and other compounds in its calculations of 
estimated dass 1 plume length (GSI 2001). In particular, those calculations rely strongly upon 
Nation I-S3 to charaderize the concentrations exiting Area 1, and therefore to calibrate the plume 
model. I antidpate that if the model were to use higher concentrations as suggested by Figure 
6.2, the calculated plume lengths woukl be significantiy longer. 
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diredion was to spread conteminants over a broader horizontal and vertical swath than 
would otherwise have occurred. 

Since approximately the late 1970s, witti the reestablishment of riverward fiow, the 
conteminant plumes emanating from Area 1 Sites likely have kiecome more compad and 
linear than fonmeriy. Based on estimated ground-water velodties (Section 4.3.2), it is 
likely that the available aquifer ground-water quality data (SHU since 1981, mostiy since 
1986; MHU and DHU in 1999) refled post-1980 age ground waters. However, this may 
not tie ttie case for ttie least mobile, sporadically deteded conteminants at the most 
distent wells (e.g., PCBs, PAHs at I-S3). Such conteminants may have been in transit 
over decades induding initially along a more northeriy path induced by industrial 
pumpage. 

6.2 Sources o f Ground-water Contamination 

This sedion provides opinions and rationale conceming releases of chemicals of interest 
to ground water within Area 1. The potential releases are addressed first from ttie land 
disposal Sites (G, H, I, L, N) (Section 6.2.1), ttien from the surface waters (CS-A, CS-B, 
Site M) (Section 6.2.2), and finally from the munidpal and industrial sewers (Section 
6.2.3). 

6.2.1 Land Disposal Sites 
General Bases of Opinions: My opintons conceming releases from the Area 1 land 
disposal sites are based on the following: 

Information on historical usage of the areas for disposal, including from interpreted 
aerial photographs and other sources, as described or cited in Sedion 3.1; 

Physical evidence of wastes within ttie disposal areas, including visual observations 
of surface and subsurface waste materials, geophysical evidence of disposal, 
discoloration of soils, and discoloration and NAPL observed in ground-water samples; 

Chemical evidence of wastes within the disposal areas, induding waste and soil 
analytical results and waste and soil leachate (TCLP) analytical results, as described or 
dted in Sedion 3.1; 

Inferred direction of ground-water flow (Sedion 4.3.2); 
Background ground-water concentrations of chemicals of interest, using data for 

wells described in Section 5.2; and 
Migration of conteminants by recognized mechanisms as described in Section 5.1 

and tiie hydrogeologic literature. 

I condude that a substence was released to the ground water at a land disposal area if 
the substence is present in the disposal area wastes (conduded from any analysis) and 
is deteded in the ground water beneatti or downgradient of the disposal area. For those 
substences which are present in background samples for a disposal area, I require that 
the maximum detected concentration beneath or downgradient of the disposal area be at 
least 10 times the largest deteded background concentration. Alttiough this does not 
completely eliminate ttie possibility of a false positive, it is a conservative approach. 
Furthemiore, where deteded background concentrations are in the MHU and DHU and 
detected concentrations tieneath source areas are in SHU samples, the likelihood of a 
false positive is even smaller. 
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For some chemicals the date was incondusive with resped to my release criteria. This 
induded situations where wastes were not analyzed for the substence, but ground water 
was (carbazole, MCPP, 2,4,5-T, molybdenum). Alttiough no waste was analyzed for a 
substence, its presence at concentrations atxive background strongly suggeste ttiat it 
was released at ttie site; I indicate ttiese situations by "Y*" in my tebtes of inferences. 
Ttiere were also three more ambiguous situations: deteded in ground water but not in 
waste or soil (indicated by "7" in my tebles of inferences); concentration less ttian 10 
times background (indicated by "B"), and concenti-ation less ttian ttie detedion limit of a 
not-deteded background (indicated by "?7"). If any of ttie these ambiguous resutts prove 
to tie of importence to the litigation, I may examine additional infonmation to tietter 
resolve them. Finally, there are no ground-water stations at or downgradient of Site N, 
which ttierefore cannot tie assessed according to these criteria. 

A Note on Less Mobile Contaminants. Some of the chemicals of interest, particulariy 
PCBs and PAHs (excluding naphthalene) are charaderized as having very low mobility 
in ground water. This is due primarily to ttieir very low water solubility and very high 
tendency to sorb to organic substrates. (E&E May 1988 Sed. 6.3, Tables 6-7, 6-8). 
Once introduced into a ground-water system^ ttiese compounds typically do not migrate 
for from ttie source or do so at very low concentrations. However, ttie prindpal concem 
in this report is release to the ground-water, not dissolved strengtti or distence of 
migration. In that resped these compounds are not remaricable, because they are 
capable of entering the ground water at detecteble concenti'ations. Moreover, site date 
indicate that certain PCBs and PAHs have migrated downgradient hundreds to over 
1000 ft from source areas. I discuss the evidence conceming both the source area 
releases and downgradient migration of PCBs and PAHs in ttie following paragraphs. 

PCBs. PCBs have been detected at relatively high concentrations wittiin source area 
ground waters at Site G (73 ug/l total PCBs at BR-G), Site H (9.8 and 12 ug/l at H-S1), 
and Site I (160(X) ug/l, at BR-I) and ttiese date establish release of PCBs to ttie ground 
waters beneath these areas. (Tables 3.2 through 3.4). 

In addition, PCBs have been deteded at some of the EE/CA—RI/FS downgradient 
ground-water stations hundreds to over a ttiousand feet from ttie source areas. Given 
that PCBs typically do not migrate far, these data have tieen given additional review. To 
check the consistency of ttie data, first I examined the 15 duplicate pair ground-water 
samples which deteded a PCB in at least one memt>er of ttie pair. Only five (33%) of ttie 
15 pairs detected the same PCB in both members.*^ However, this "inconsistency" 
appears to be attiibutable to concenti^tions being at ttie brink of detedability, rather than 

in addition to dissolution into infiltrating vadose waters, PCBs are introduced directly into the 
saturated zone by leaching from NAPL (particulariy in the SHU and bedrock where NAPL 
apparently has concentrated), by leaching from solid or lk)uid waste poured into a pit either 
containing ground water or into which ground water later rises, and by leaching from 
contaminated sut^bed creek sediments through which ground water flows. 
^̂  The EE/CA—RI/FS chemical analyses differentiated PCBs according to the number of chlorine 
atoms attached to the biphenyl group. Thus an analytical result is available for the ten groups 
monochlorobiphenyl, dichlorobiphenyl and decachlorobiphenyl for each sample. I compared 
PCBs for each of these groups. (PCB temninology is explained at 
http://www.epa.QovAoxteam/pcbid/defs.htm). 
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to sampling or analytical error. ̂ ^ Therefore ttiese findings did not justify dismissal of any 
of ttie detected values. 

Confidence in the deteded dovmgradient PCBs is increased by spatial proximity and 
similar concenb^tion of conteminated samples. Stations SW-S2 and SW-S3 are 460 ft 
and 400 ft, respectively, downgradient of CS-B and Site M (Figure 6.1), and botti 
stations exhibited PCBs. The detection of PCBs in four of the ten vertically discrete 
samples at SW-S2, with heptachlorobiphenyl at 0.05 and 0.08 ug/l in adjacent depth 
samples (14ft and 22 ft bgs), and nonachkirobiphenyl at 0.21 and 0.24 ug/l in proximate 
deep samples (72 and 92 ft tigs), is evidence ttiat P(5Bsare indeed present in ttie 
ground water at this stetion. Strong corroboration is provided by ttie detection at SW-S3 
of similar concentrations of ttie same PCB groups at ttie same depths: 
heptachlorobiphenyl in the shallowest two samples (0.07J ug/ at 14 ft and 0.06J ug/l at 
22 ft bgs) and nonachlorobiphenyl in the bottom sample (0.24 ug/l at 96 ft bgs). 
Recalling ttie considerable PCB contemination in sediments of CS-B (e.g.. Table 3.9; 
Roux 2001 Figs. 4-59, 4-62), I condude that detecteble PCBs have migrated over 400 ft 
from CS-B/Site M notwithstending ttie typically kiw mobility of these substances. 

Similariy, detedions of PCB at stetion I-S3, where adjacent depth samples at 104 ft and 
110ft bgs botii conteined 0.13J ug/l nonachlorobiphenyl (among otiier PCBs), 
demonsti'ate migration more ttian 1000 ft downgradient from Site I. Detedions of PCBs 
at most other downgradient stetions are somewhat spottier vertically. This is reasonable 
given the low concentrations dose to detection limite. The mobility of PCBs in ttie valley 
fill aquifer may be enhanced by dean sands which offer little organic substrate for 
sorption, and by interaction witii the relatively elevated dissolved chlorobenzenes; 
however, at this point these are only speculations. 

PAHs. The PAH diemicals of interest are acenaphthene, acenaphthylene, anthracene, 
benzo(a)anthracene, t}enzo(a)pyrene, kienzo(b)fluoranthene, t}enzo(k)fluoranthene, 
chrysene, fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, phenanthrene, and pyrene. 
Except for acenaphtiiylene all of these substences were deteded, and at their highest 
values, at Site I tiedrock well BR-I. Generally each PAH concentration at BR-I, about 100 
to 800 ug/1, exceeded all of its other detections by one to two onjers of magnitude. 
Based on of/ier very concentrated compounds in BR-I, the well is believed to tie dose to 
residual or pooled DNAPL within or on ttie surface of ttie bedrock. It seems likely ttiat the 
relatively elevated PAHs at BR-I also derive from the NAPL waste. 

Other wells wittiin land disposal areas also exhibited PAHs at concentrations mostiy less 
than 10ug/l. Detedions occurred at Site G bedrock well BR-G (pyrene, phenanthrene, 
fluoranttiene, chrysene, benzo(k)fluoranthene, anthracene); Site H SHU well EE-01 

^̂  The pairs detecting a PCB in tioth samples induded the four most concentrated duplicate 
samples (from 0.72J to 33J ug/l) plus one kiw concentration pair (0.11 J/0.07J ug/Q. The pairs with 
only one detedion were mostly less concentrated, ranging from 0.05J to 0.26J ug/l. Two 
detedion limits are associated with each analysis: the contrad required detection limit and the 
minimum detedion limit. The former, ranging from 0.10 to 0.50 ug/l, was always higher than the 
resuK, leading to the ubiquitous "J" qualifiers. The latter perforce was lower than reported 
detedions and ranged from 0.029 to 0.11 ug/l. Thus it appears that natural variability tietween 
duplicates, combined with concentrations near the detection limit, led to the inconsistent 
detedions within duplicates. 
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(phenanttirene, fluorene, acenaphthene), deptti-profiled well H-S1 (phenanttirene, 
fluorene) and bedrock well BR-H (fluorene); and Site I soutti pit SHU well EE-12 
(fluoranthene) and northem deptti-profiled well I-S4 (indeno(1,2,3-cd)pyrene, chrysene, 
benzo(k)fiuoranthene, benzo(b)fluoranttiene, benzo(a)pyrene, t}enzo(a)anthracene). 
These resulte document ttie release of PAHs to ttie ground water beneath these source 
areas. 

PAHs have low mobility in ground water, and most downgradient detedions are spatially 
sporadic and at less than 1 ug/l. However, the three Site I downgradient stations 
deteded multiple PAHs, as might be expected given the relatively high source 
concentrations and likely NAPL at Site 1.1 infer ttiat several PAHs have migrated from 
Site I, some over 1000 ft downgradient to I-S3. In particular, phenanthrene (0.47J to 89J 
ug/l) occurred at four depths in I-S1 immediately west of Site I; and fluorene (5.4J and 
0.58J ug/l), chrysene (0.73J and 1.5J ug/l), benzo(k)fluoranttiene (0.74J to 1.2J ug/l), 
benzo(a)pyrene (0.45J to 2J), and benzo(a)anthracene all were deteded at both I-S2 
and I-S3 (which lir\e up appro)dmately along the N60°W ground-water flow path). 

EE-20, a background stetion located east of northem Site I, detected four PAHs 
induding fluorene (0.24J ug/l at 29 ft bgs), chrysene (1.3J at 60 ft), benzo(a)anttiracene 
(0.97J at 60 ft) and acenaphttiene (8J at 100 ft). Alttiough ttiis is indicative of PAHs 
approaching Site I from upgradient, it does not compromise interpretation of releases 
from Site I, which were much more concentrated at BG-l. 

The possibility exists that low mobility PCBs and PAHs deteded substentially 
downgradient of the source areas initially were released during the 1940s-1980 period of 
ground-water flow reversal and higtier velocities toward Monsanto. If so, they may have 
originated from locations more to ttie south than is implied by the current flow direction. 
For instence, these contaminants deteded at I-S3 may have entered the ground water in 
souttiem Site I, Site H, or even Site G. The similar PCB profiles at SW-S2 and SW-S3 
west of CS-B/Site M and ttie absence of known sources to ttie south suggest otherwise: 
that in 1999 ttiese stetions deteded a plume oriented to ttie WfslW from the source area. 
If ttiese issues are importent to the litigation, I may perform additional analyses to 
attempt to resolve them. 

Site-speciflc Opinions: 
(3) Site G has released numerous chemicals of interest to the ground water. Released 

substences indude those indicated by "Y" in the penultimate column of Table 3.2. 
There also is strong suggestion that ttiose substances indicated by "Y*" were 
released. 

As discussed in Section 5.2, although Site G is downgradient of Sites H and L the 
contemination from those sites is expected to affed the aquifer (MHU and DHU) beneatti 
Site G but to have littie effed on SHU samples at Site G. In particular, I am confident 
that Site G SHU well EEG-107, screened in sand tieneath Site G waste material and 
exhibiting substential concentration maxima for almost all deteded Site G chemicals, 
refieds releases wittiin Site G. 

(4) Site H has released numerous dienrricals of interest to ttie ground water. Released 
substences indude ttiose indicated by "Y' in the penultimate column of Table 3.3. 
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There also is strong suggestion that ttiose substances indicated by "Y*" were 
released. 

The relatively low concenb^tion of Site H conteminants in downgradient SHU well EEG-
110 has been attiibuted to the descent of conteminated ground water tielow ttie well 
(E&E May 1988, pg. 7-34).° However, EEG-110 is screened in fine to medium sand; If 
this material extends to Site H then EEG-110 may indeed intercept flow from Site H. An 
alternate explanation recognizes that ground water moves approximately N60°W and 
that EEG-110 is downgradient of tiie southern tip of Site H where little waste may have 
been deposited. 

(5) Site I has released numerous chemicals of interest to ttie ground water. Released 
substences include those indicated by "Y' in the penultimate column of Table 3.4. 
There also is strong suggestion that ttiose substances indicated by "Y*" were 
released. 

Site I has generated ttie most highly contaminated of the Area 1 ground-water plumes. 

(6) Site L has released numerous diemicals of interest to tiie ground water. Released 
substences indude those indicated by T in ttie penultimate column of Table 3.5. 
There also is stiong suggestion that ttie substence indicated by "Y*" was released. 

(7) There is no ground-water sampling stetion in the vidnity of Site N. I have not 
developed an opinion conceming releases from Site N, but may do so as additional 
infonnation is developed. 

The presence of several chemicals of concem in soil samples from Site N (Sedion 
3.1.6) implies tiiat releases occurred; inferences on migration to ground water await 
further sampling from the Site. 

6.2.2 Contaminated Surface Water 
Industrial wastes have been discharged to surface water within Area 1 in Dead Creek 
segments CS-A and CS-B. Site M also has received contaminated CS-B waters through 
its hydraulic connection to tiie creek. For each of these sites surface water, sediment, 
and ground-water date are available. Differences in Site history and potential 
interference from land disposal Site releases prompted a different interpretive approach 
for each Site. 

General Bases of Opinions: My condusions conceming releases from surface water 
bodies to the ground vt/ater witiiin Area 1 are based on the following: 

Information on historical usage of Dead Creek for liquid disposal, induding dired 
discharge from industrial pipes, runoff, and truck wash water, and industrial surge pond 
flow, as described or dted in Sections 3.2 and 3.3; 

Physical evidence of wastes within the creek and Site M, induding from interpreted 
aerial photographs and from observations of waste, discoloration, fires and smoldering 
by site regulators and investigators, as described in Sedions 3.2 and 3.3; 

^ The tioring is shallow (20 ft logged), and no log of deeper materials is available at that location. 
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Analytical results for chemical of interest within the water body sedimente, as 
described or dted in Section 3.2; 

Analytical resulte for chemicals of interest in surface water as described or dted in 
Section 3.2.1, and in ground water as described in Sections 5.3.7 and 5.3.8; 

Migration of ground water and conteminante by recognized mechanisms as 
described in Sections 4.3, 5.1 and the hydrogeologic literature. 

Site-Specific Opinions 
(8) Dead Creek segment CS-A has released hazardous substances into ttie underiying 

ground water. Released substences induding at least those indicated by "Y" in the 
penultimate column of Table 3.8. 

I rely prindpally on sediment quality date to identity ttie ctiemicals of interest released 
from surface waters to the ground water.I use sediment date because of potential 
interference in ground-water samples by upgradient land disposal Sites. In particular, 
ground water beneatii and downgradient of CS-A also is downgradient of Site I. 
Therefore it is problematic to identity a ground-water sampling station which 
unambiguously charaderizes releases from CS-A. 

Even so, well EE-15 is known to refled a water level rise which is attributed to leakage 
from CS-A. This suggests that the well also intercepts ground-water flow from CS-A to 
some degree. Therefore I have refemed to the two EE-15 samples in forming my 
opinions (Table 3.8). Only two ctiemicals of interest were not in CS-A sediment samples 
yet were detected in EE-15 samples: vinyl chloride and 2-chlorophenol. The former is a 
degradation produd of 1,2-dichloroettiene which is present in sediment samples. 

I have concluded that a substance was released to tiie ground water from CS-A if tiiat 
substence is present in the sediments beneath CS-A according to at least one of ttie 
available chemical analyses.^ My condustons on release from CS-A to ground water 
rely on ttie knowledge ttiat the identified ctiemicals of interest are mobile in ground 
water, that their sorption tietween Site sediments/soils and water is reversible, and that 
surface water infiltrates the creek or pond txittom and enters the ground water (CS-A 
was a losing stream). The presence of ttiese chemicals in multiple ground water 
samples within Area 1 illustrates the first two points. The observed ground-water mound 
in CS-A (Sedion 4.3.2) demonstrates ttie last point, which is as expeded due to tiie 
creek bed being elevated atxive the water table. 

The tally of chemicals adsori^ed to creek sediments is unlikely to refled ttie full array or 
magnitude of substances fonmeriy within the surface waters or released through the 
creek bottom to the ground water. Waste concentrations likely dedined within CS-A as 
industries reduced or ceased ttieir discharges to the sewers, and as the sewers were 
upgraded. The waste constituents in stream sediments decades after releases tend to 
be those which were substentially reterded by sorption and resist volatilization and 
chemical/biochemical degradation. Conversely if a hydrophilic (low sorption), volatile, 
degradable compound is found, it seems likely that it was formeriy present in the surface 

^ However, I do not rely on the lEPA 1980 and 1981 analyses. 
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water in relatively large quantity. Several of ttie VOCs of interest are particulariy subjed 
to tills comment." 

Therefore the substances detected in ttie water body sediments likely comprise a subset 
of ttiose released to the ground water tieneath the water bodies, and the relative 
concentnations wittiin the sedimente likely do not refled ttiose formeriy in ttie surface 
waters or those induced in the receiving ground waters. 

Inference of additional released substences based on industiial disposal records (e.g., 
records of wastes discharged to the sewers) seems reasonable but is outside the scope 
of this report. 

(9) Dead Creek segment CS-B has released hazardous substances into the underiying 
ground water. Released substences indude at least those deteded in creek 
sediments above background as indicated by "Y" in Table 3.9. 

I have conduded that a substence was released to the ground water from CS-B or Site 
M if ttiat substence is present in the sedimente tieneath ttie water body according to at 
least one of the available chemical analyses.^ I do not rely prindpally on ground-water 
quality date; nevertheless that date does provkle some support for my conclusions. 
Because of an expeded decline of source and ground-water concentrations in the 
decades since waste disposal to CS-B ceased in 1968, and interference by releases 
from adjacent land disposal Sites, ground-water quality date plays a sutxirdinate role in 
delineating releases from CS-B and Site M. 

The timing and concentration of releases from the creek were controlled by variations in 
the volume and water quality of ttie sewer surge pond effluent, dired industrial effluent 
(Midwest Rubber, perhaps others) and directiy discharged truck wash water. All of these 
activities dedined and then ceased years prior to any ground-water sampling events 
downgradient of CS-B. (The CS-B surge pond function ended in 1968; ttie eariiest 
ground water samples were in 1987). Available ground-water sampling stetions are 
within one to two years ground-water b^vel time from CS-B (Sed. 4.3.2). As a 
consequence, the absence of a contaminant in recentiy sampled ground water, although 
potentially good news for remedial purposes, is inconclusive conceming releases during 
the decades that CS-B received industrial wastes. 

As witii CS-A, my inferences on release from CS-B and Site M to ground water using 
sediment data rely on the knowledge tiiat the identified chemicals of interest are mobile 
in ground water, that their sorption between site sediments/soils and water is reversible, 
and that surtece water infiltrates the creek or pond bottom and enters the ground water. 

As with CS-A and for the same reasons, ttie substances deteded in the sediments likely 
comprise a subset of ttiose released to the ground water tieneath the water txidies, and 

^ As noted in a footnote to Section 3.2.1, the E&E (May 1988) analyses of sediment VOCs were 
subject to false negatives due to use of an insensitive analytical method. Of the VOCs of interest, 
only tetrachloroethene was deteded by other sampling events and not by E&E (Tables 3.8, 3.9). 
Therefore for the purposes of this report that analytical method limitation appears to be of limited 
significance. 
* However, I do not rely on the lEPA 1980 and 1981 analyses. 
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the relative concentrations witiiin the sediments likely do not refled those formeriy in the 
surface waters or tiiose fonneriy induced in the receiving ground waters. 

Inference of additional released substences based on industrial disposal records (e.g., 
records of wastes disctiarged to the sewers, in truck vtrash waters, etc.) seems 
reasonable txit is outside the scope of this report. 

Current ground-water samples can reveal contaminants which continue to desori) from 
CS-B sediments, altiiough concentrations may be much lower ttian in ttie past. The 
ground-water sampling stettons downgradient of CS-B least likely to be affeded by ttie 
"lettered" land disposal sites are EEG-103, EEG-104 and SW-SI. If one assumes that 
Site M is simply an embayment of CS-B with no wastes ottier ttian ttiose derived from 
CS-B, ttien ttie downgradient stetions EEG-105, SW-S2, and SW-S3 also are induded in 
this list.*^ These three or six stetions ttien should reflect current ground-water quality 
downgradient of ttie middle and lower thirds of CS-B with relatively little likelihood of 
interference from known land disposal sites. 

EE/CA—RI/FS water quality date for ttiese stetions and a background well are tebulated 
in Table 3.9. Several of the contaminants deteded in CS-B sediments also have been 
deteded at these downgradient stetions, induding chlorobenzene, toluene, xylenes, 4-
chloroaniline, 2-chlorophenol, 1,2-dichlorobenzene, 1,4-dichlorobenzene, phenanttirene, 
and 2,4,6-trichlorophenol."'" However, a number of substances in ttie sediments were 
not found in ttiese six wells. As expteined atxive, it is my opinion that ttiose substences 
nevertheless were released to ttie ground water Moreover, these sampling stations do 
not refled any releases from ttie upstream third of CS-B where wastes first entered the 
creek segment. 

(10) Site M has released hazardous substences into the underiying ground water 
Released substences indude at least ttiose deteded in pond sediments atxive 
background as indicated by "Y" in Table 3.6. 

Pond M is essentially an embayment of CS-B, and tiie comments made with respect to 
CS-B generally apply here as well. The conteminants in Site M sediments are a subset 
of those in CS-B sediments; only trichloroethene was deteded in Site M and not in CS-
B. The presence of PCBs and PAHs in ground water station SGW-S1/TS-S1, alttiough 
on ttie upgradient edge of the pond, likely refleds past releases from Site M of these 
persistent, relatively tow mobility substences. 

^̂  These stations are arguably outside of the Site M shadow, but small shifts in inferred flow 
direction wouki change that condusion. 
^ Benzene is omitted from this list tiecause it was also deteded at similar concentration in the 
background station EEG-108. 
^ E&E also sampled SHU wells EEG-103 and EEG-104 (but apparentiy not EEG-105) and 
deteded the following chemicals of interest (in ug/l): chlorofonn (3J, 9), benzene (1J), toluene 
(3J), chlorobenzene (5, 5), naphthalene (8J), PCB Arodor 1260 (14J) and mercury (2.1) (E&E 
May 1988/^p.D). 
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6.2.3 Leaking Sewers 
General Bases of Opinions 
My opinions on releases from the industrial sewers to ground water within Area 1 are 
based on ttie following: 

My understending of Mr. Klingenstein's opinions conceming historical discharge of 
sewage to private and Village sewers within Area 1; 

My understending of Mr. Klingenstein's opinions conceming historical leakiness of 
Area 1 private and Village sewers; 

Downward migration of leaking fluids and conteminants to the ground-water table by 
recognized mechanisms as described in Sections 4.3, 5.1 and ttie hydrogeotogic 
literature. 

Site Specific Opinions 
(11) For an unknown but likely several decade period leaking Village sewer pipes 

discharged waste water to the surrounding soil within Area 1, and infiltration carried 
conteminants to the ground water. Other US expert witnesses address the specific 
chemicals of concem in ttie sewer waters. 
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Figure 3.2 Geologic Cross-sedion 
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Table 3.1 Clwmicals of Interest 

VOCs 
Benzene 

Chlorobenzene 
Chlorofonn 

Cis or Tt^ns 1.2-dichloroethene 
Ethylbenzene 

4-methyl-2-pentanone 
Tetrachloroethene 

Toluene 
Trichloixiethene 

Vinyl chloride 
Xylenes, total 

SVOCs 
Acenaphthene 

Acenaphthylene 
Anthracene 

Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(l()fluoranthene 

Benzo(a)pyrene 
Carbazole 

4-Chloix)aniline 
2-Chlorophenol 

Chrysene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorot>enzene 

2,4-Dichlorophenol 
Fluoranthene 

Fluorene 
lndeno(1,2,3-cd)pyrene 

2-Methylnaphthalene 
2-Methyiphenol 

3- or 4-Methylphenol 
Naphthalene 
2-Nitroanillne 
4-Nitroaniline 
Nitrobenzene 

Phenanthrene 
Phenol 
Pyrene 

1,2,4-Trichlorot)enzene 
2,4,5-Trichlorophenol 
2.4,6-Trichlorophenol 



Table 3.1 (cont) Chemicals of Interest 

Herbicides, Pestickles 
2.4-D 

4.4'-DDT 
4.4'-DDE 

MCPPf2-<4-chloro-2-methylphenoxy)-propionate] 
Pentachlorophenol 

2,4.5-T 

PCBs 
Arodor 1248 
Arodor 1254 
Arodor 1260 

Total PCBs 

Metals 
Chromium 

Lead 
Mercury 

Molytxlenum 
Nickel 

Selenium 
Vanadium 

Zinc 

NOTE: 
Pentachlorophenol also is analyzed as an SVOC. 
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ê  U. 
O 

0 0 0 0 

O 
UJ 
UJ 

X r^ X X 

X X X X 

X X X X 

r~- 1 ^ ^^ r^ 

(3 S 7̂ 5 
. 7 ffi T 

ffi ffi —I ffi 
= l . < N i 

; •§: : !? 

_ ^ _ i n 
T5 i ^ ^ ^ C CN c „ 

o o 

2 ̂  

g.§ 
( ^ - 1 ^ 

S 
9 u . 

Q 

i l l -

^ 0 0 0 

X X X ; 

X X X I 

m cn •^ 

•5 c S 
N > s * * 
r-' £ CN 

1 S S _ 

1-11 
.C Q. as ± ; 
% to "Z Z 
5 Z f^ 1^ 

"O -O "D TO 
C C C C 

o o 
LU LU 
LU LU 

i n ID v> V) 

X X X X 

CD » -

o 5 

±S 

u « ^ 

•« a . AS 
•B « 2 
5 2 fN 

"O o o o 
e^ C ^ C 

f E l ? 

m O O O 
<^ ^ C C. 
^ T3 TJ "O 

i i X X X 

^ X X X 

X X X X 

9 9 9 
( n f O CN 

"D CO i r t CM 

' z 

ffiir 

o o ' -
C ^ *^ 
•D -O ^ 

o o * -

•O J3 ^ 

x R R 
•O "D 
c c 

ss 

X X X 

r^ 

u5 

m 
1 

—J 

r g 

(O 

—1 
CN 

N-

d 
m 

J 

—1 

<N 

h -

a 
m 

1 

—1 

s n 
.<: 

r--

c2 

m 
1 

—I 

S 

If 
g l ^ 

B ^ 

(N CM" 



3BS8: 
T TT • * 

f 
u 

E ^ 

o 1 

3 8 

a z 
3 
o a; 

•" ^ ^ ° o o^o v; 
^ "U TJ ^ 

o o 

O 2. 
ffi 
O 

' d X X X 

— E 

M 
E 
OJ 

W 
i n 
to 

l i e 
-J ^ ^ o 

^ X X X 

• t X X X X 

o 
m 
O 

u. Ol O) 
«e ' - J£ 

2 5 ? 

8~ J K 

Ul K ^ ^ 

X X X X 

i s 
2 
'«5 

_, < 

E 

2 
e 
j 
o 

1 
^ 
iS 
bi 

:S 
3 

F 
CM 

V 

CM 

r a: 
^ 

— in 

i s 

o o 
LU LU 
LU LU 

s 
CM X 

5 < 

X X X K 

X X X X 

• g ? ? ? 

i 

o 
z jz : 

o o o 
Ul UJ LU 
t U U J LU 

I < - O 1 ^ 
CO - o CD 

g c N O 

*- s — 
f I i 

8 8 ° 
f N CN C i X 

o 

X X X 

h -

a 
ffi 

PPT 

a a 
(hA 

N- 1 ^ r -

d (B (B 
c6 ffi ffi 

CM CO ^ 

9 9 9 
« - CM fO 

S B ­

'S e - i 

I 

•5 E E ^ 
J^ 3 3 -

Z 01 CO 

o 0 0 
UJ UJ UJ 
UJ UJ Ul 

3 w 3 3 
. 1 - -O * - CD 

: S 5 8 

X X X X 

3 f f i 
^ - CN ; 

01 Tj in S 
en c fN JP 

« E E 



a 
Q. 

E 
Ol 
o 

Si 
U) 
to 
r) 
01 

U l • - • = • — 

J I 

a 
z 

8 s —-̂  

8? 

B. * £ • 
_i — a i 

o o 5 t f f i 

< z u 

Ul ^ 

\° ' 
O Ol 
Ul C 

no 
O 

5 E 

z o 
UJ 
S 
Q 

e 
03 
"o 

E 

'^ in in 05 

f f f f 

f ? ? ? 

>" (G & v 

f f f f 

f f f f 

s 
CN 

s 
i 

X X V^ X 

~ S i" II? 

f f f 

- S x 

O 
X X C l X 

J s I s 
(U 0; o SI 

-111 

? i S 

s s s s 

E 

fSfS 
i S 3 ° 
* 5f ^ ?f 

d f o? 

S S ? ^ S S S o 

Itlfll^'' 
> • > > X 

X M X K M X X X 

O O -» O 
*N ^ h- — 
"D -D O "P 

i l ? ? 

X X X X 

? 3 ° S 
f S f f 

? ? ? ? 

X • - X X 

s ? ? 

l is" 

X X X K X X 

3 a * 

S ^ 3 5 ij> o Ul 
*- "o r ) o> 

? s s ? ? ? ? -

X X X X 

S I s s 

B 5 O o 

65 I 

X £ X X 

" S E E 

? f f f 

X X X SJ. 

E5SS 
i f f f 

in o o o 
**» C- C C 

f s ? f 

eess 
f f f f 

! t i X X X 

X X X !t^ 

S 

iiJi 
o o 

1 S 
| . S 
§1 
5 

4 ^ ^ • ^ 

< < », 
S 5 ^ 

Ol ^ O) 
in ^ CD 

2 - i i 

S S S ^ 

^ ^ 

f i i f 

X S 

1 s s s 

Ilii 
£ n «: « 
X a 2 2 
5 2 <N 5, 

O O ' 

III 

f i i 

i i 

x g S 
f ? 

; 5 ^ i ^ 

i i i i 

S Sf S 
t) 1> b •* 

I s 

i i i 

Sf 1 

III 
1 £ 2 
c U U 
t - lA ( i 
^ v ' V 
rM CN r># 

»^fs; 



K 
Ul 1 

S oi i t 
£ t - — — a z 

o § 1 1 
05 

e a s S 
i i i i 

« - - j5 
0 . 0 O v: 

i f f f 

0 i e 

E 
£ 

o 
OJ 

03 

to 
n 

u. -̂ g-
. J — O T 
O O 3 

< z o 
2 

z 
Ul _ 

i§ 
UJ C-
« 2 

O 

^ X X X 

X X X 

S E 
I - • * ~ z u 
S g 

R 
CM X 

R 
r4 X 

^ ' S ^ 

' ^ = 

>- > > > > 

X X X X 

X X X X X 

i i 

CX3 

< a. 

n 

55 

b 

E 

i:?i 

2D 3 *** 3 

: S A Csi Q 
(N »- t ^ in 

O oo CM ; ^ to 
""̂  O) n ^ j ^ 

8 8 ° 
CN CN i - t 
5 S ? 

CN 

S- ^ CN O l 

i " B ^ i n ^ 

" S £ 

o • c 
t/5 t/3 03 

R | x x 

IPI 
I I I 

S ^ - 8 
- m h- CD 

D Q 
05 03 

Ol E E S 
c - 5 ^ 

2 i <5 

m-



Table 3.7 Site N Chemical Maxima Pao«1 

SOIL 
SUBSURFACE SOU. TCLP LEACHATE 

E&E (1986) OBG (-1999) 
(mg/kg) Station (ug/l) Station 

Chemical 

VOCs 

Cis or Trans 1.2-

Bonzane 
ChloralMnzarw 

Chloroform 
•dichtoroathane 

nd 
nd 
nd 
nd 

13J 
nd(20) 
nd(20) 

X 

B3 

Elhylbsnzane nd 
4-nwthyl-2-pant»ione 4J 

Totrachloroathane nd 
Tduana nd 

Thchloraattwns nd 
Vmylehlonde nd 
Xylanas. total nd 

N1-05 
X 

X 

nd(20) 
X 

2.4J 
nd(40) 

84 

SVOCs 

AcanapMhylana 
Arttiraoana 

Befizo(a)anthricana 

nd 
nd 
nd 

0.26J N1-05 
Banzo(b)fluoranth«ne 
Banzo(k)fluoranthene 

Banzo(a)pyrene 
Carbazole 

4-Chioroaniljne 
2-Chkxophanol 

Chryaane 
1.2-Dichk)robanzene 
1,3-Dk:hk)robanzane 
1,4-Dichk)robanzan« 

2,4-Oichk>raphanol 
Pluoranth«n« 

Fhjorane 
lndeno( 1,2.3-cd)pyrene 

2-Mattiylnaphthalane 
2-M««iylphanol 

3-or 4-Mathylphanol i 
Naphthalene 

2-Nilroaniline 
4-Nrtroaniline 
Nrtrobanzene 

Phenanthrene 
Phenol 
Pyrene 

1,2.4-Tnchk>roberaene 

^, 4, o-1 ncnionipnenoj 
z,4,D-Tncnionipnenoi 

0.29J 
nd 

0.21 U 
X 

nd 
nd 

0.28J 
nd 
nd 
nd 
nd 

0.68 
nd 
nd 
nd 
nd 

nd(4MP) 
nd 
nd 
nd 
nd 

0.43 
nd 

0.53 
nd 

nd 
nd 

N1-05 

N1-05 

N1-05 

N1-05 

N1-05 

N1-05 

X 

X 

X 

X 

X 

X 

X 

X 

X 

nd(50) 
X 

X 

X 

X 

X 

nd(50) 
nd(50) 

X 

X 

X 

nd(50) 
X 

X 

X 

X 

nd(50) 
nd(50) 

•w^^ 



Table 3.7 Site N Chemical Maxima Page 2 

SOIL 
SUBSURFACE SOU. TCLP LEACHATE 
E&E (1966) OBG (1999) 
(mg/kg) Station (ug/l) Station 

Chemical 

H0rbicid»s, P»sticid»s 
2.4-D 

4,4'-DDT 
4.4<-D0E 

MCPP[2-(4-chk)ro-2-methylphenoKy)-propionate] 

X 

nd 
nd 
X 

nd(25) 

nd 
2.4.5-T 

nd(2S0) 

PCBs 
Arodor 1248 
Arodor 1254 
Arodor1260 

Total PCBs 

Chromium 
Lead 

Mercury 
Mdytxienum 

nd 
nd 
nd 
nd 

13 
78* 
9 
X 

NB-07 
NB-07 
N2-06 

X 

X 

X 

X 

nd(200) 
46J 

nd(20) 
X 

Metals 

B3 

Nickel 
Selenium 

Vanadium 
Zinc 

18 
nd 
21 
182 

NB-07 

NB-07 
NB-07 

X 

nd(500) 
X 

X 

NOTES 
Pentachlorophenol is also analyzed as an SVOC. 
blank = no information, may not have been analyzed 
nd(#) = analyzed and not detected at detection Kmlt of U 
X = not analyzed 
J = present concentration estimated, typicaly because below contract required detection limit 
D = Sample diluted to bring concentration within calibrabon limits 
* = Duplicate analysis not within control limits 
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APPENDIX A: Resume of Gary R. Chirlin 



Chirlin & Associates, Inc. Rockville, MD 20855 
301-963-6000 

GARY R. CHIRLIN 

PROFESSIONAL HISTORY 

Chirlin & Associates, Inc., President, 1986 to present 
Woodward-Clyde Consultants, Inc., Senior Project Engineer, 1984 to 1986 

S.S. Papadopulos & Associates, Inc., Hydrologist. 1982-1984 
R.W. Cleary, Consulting Hydrogeology, Hydrologist 1977-1978 (part-time) 

Smithsonian Institution, Chesapeake Bay Center for Environmental Studies, 
Research Hydrologist, 1974-1977 

EDUCATION 

Ph.D. 1982 (Civil Engineering, Water Resources) Princeton University 
S.M. 1974 (Civil Engineering, Water Resources) 

Massachusetts Institute of Technology 
S.B. 1972 (Earth and Planetary Sciences II) 

Massachusetts Institute of Technology 

REGISTRATION AND AFFILIATIONS 

Registered Professional Engineer (MD #13971) 
American Geophysical Union, Hydrology Section 

National Ground Water Association, 
Association of Groundwater Scientists and Engineers 

Technical reviewer Water Resources Research, J. of 
Hydrology; ASCE J. Hydraulics Div. 

State Water Quality Advisory Committee (Maryland), retired 

TECHNICAL SPECIALTIES 

Quantitative methods in ground-water hydrology; 
contaminant fate and transport in ground water; 

statistical analysis; project management; 
expert testimony 



Gary R. Chiriin 

DESCRIPTION OF ACCOMPLISHMENTS 

Dr. Chiriin is a civil engineer and hydrologist specializing in the design and 

analysis of ground water supplies, ground-water contaminant transport, and ground 

water remedial systems, and in the hydrogeologic aspects of landfill siting and design. 

Dr. Chiriin trained in surface- and ground-water hydrology, aquatic chemistry, 

geology, applied mathematics, statistics, stochastic processes (e.g., kriging), systems 

analysis, and computer sciences. This mix of subjects has proven to be critical in the 

analysis of surface-water and ground-water processes. 

At the Smithsonian Institution's Chesapeake Bay Center for Environmental 
Studies, Gary played two roles. As a research hydrologist with Dr. David Correll he 
studied the relationship between watershed land use ("nonpoint sources") and the 
water quality of the Rhode River estuary. In addition he designed, installed, and 
supervised the first onsite computer facility to serve the research staff of CBCES. 

After receiving his Ph.D. Gary entered consulting, serving in increasingly 
responsible technical capacities at two nationally respected firms. He provided 
mathematical and computer modeling of ground water flow and contaminant transport, 
design and analysis of aquifer tests, interpretation of hydraulic and water quality field 
data, design of ground-water remediation facilities, critical technical review, staff 
training, and project management. At Woodward-Clyde Consultants he was utilized as 
a "regional resource": for major projects he provided in-house consulting services to 
Woodward-Clyde offices throughout the eastem and central US. 

In 1986 Dr. Chiriin established his own firm. Through CAI he has since served a 
broad spectrum of clients, from basic research foundations to 

govemment/industrial/commercial entities to citizens' groups. His worî  is very thorough 
and meticulous in a field where attention to detail often makes the difference between 
success and failure. He writes and speaks often and well, and recognizes the prevailing 
importance of communication. 

REFERENCES 

Upon request. 



Gary R. Chiriin 

REPRESENTATIVE PROJECT EXPERIENCE 

Ground-Water Quality 

Citizens' Watch for a Clean Environment, Chemtronics Superfund site, 
Swannanoa NC: 
Technical Advisor under TAG. Review and comment on technical documents 
conceming CERCLA site contaminated by ordinance manufacturing wastes, conduct 
public informational meetings, and serve as an advocate to EPA on scientific matters. 

US Dept. of Justice, Environmental Enforcement Section, Expert Witness, 
Moyer Municipal Landfill, Collegeville, PA: 
Evaluation of extent and nature of site leachate and ground-water contamination. 
Establishment of appropriate site background concentrations for naturally occurring 
substances in soils and ground waters. Extensive review of sampling documentation 
leading to discovery of switched sample results. 

US Dept. of Justice, Environmental Enforcement Section, Expert Witness, 
Aerojet General Corp. site, CA: 
Evaluation of present and potential rate of TCE migration in ground water to the 
American River upstream of major public water supplies for Sacramento, CA; in support 
of CERCLA consent decree negotiations. 

US Department of Justice, Environmental Enforcement Section, Expert 
Witness, Conrail Elkhart Railyard site, IN: 
Determination of origin, extent, and rate of migration of a CCU plume and a TCE plume 
at the railyard. Geologic data interpretation using domestic well logs, revealing a large 
body of clay and thus explaining observed contaminant distribution and flow directions 
and invalidating other experts' opinions. Critical assessment of lead-stem auger (LSA) 
sampling protocols, thus explaining "inconsistenf spatial pattems of CCU contamination 
and resolving the onsite origin and limits of that plume. 

US Department of Justice, Environmental Enforcement Section, Expert 
Witness, Borden Chemicals Corp., Geismar, LA: 
Evaluation of the horizontal and vertical extent of DNAPL (especially 12DCA) and 
dissolved solvents at a large chemical production facility with numerous unlined 
disposal ponds and channels. Site is underiain by silts and fractured clays. 
Interpretation of cone penetrometer test (CPT) sampling data and critical assessments 
of 3D kriging and of a proposed hydraulic containment system. 

US Department of Justice, Environmental Enforcement Section, Expert 
Witness, Aberdeen Pesticide Dumps, NC: 
Determination of hazardous substances released at two disposal areas, extent of 
migration of these substances in ground water, and divisibility of harm between the 
sources. 



Gary R. Chiriin 

IBM Corp. Solvent Spills, Manassas, VA: 
Hydrologic Investigation to design Remedial Investigation Work Plan for PCE 
contamination in fractured rock. Technk»l review of prior investigations. Design of 
pump tests. Supervision of community well survey program. Woric proceeded formally 
under RCRA but also satisfied CERCLA guidelines and formats. 

Citizens' Recycling Advisory Board and NYC Department of Sanitation, 
Fresh Kills Landfill. Staten Island NY: 
Technical Review of site investigation and remedial planning for New Yoric City's 
landfill. The landfill is leaking leachate into the Arthur Kill and tributaries, and into 
neighboring aquifers. 

Panasote Rubber Bonding Plant, VA, Solvents Contamination: 
Analysis of ground water flow and contaminant discharge from used-solvents and 
off-spec parts disposal areas toward adjacent properties and river; in anticipation of 
property transfer. 

Allied Chemical Corp., Baltimore, MD, Chrome Tailings Landfill: 
Assessment of chrome leachate distribution, ground-water flow, and potential leachate 
migration, in support of RCRA Part B permit application. 

AT&T, Inc., Kearny NJ Works, Solvent Spill: 
Design, supervision, and interpretation of field investigation at retired wire 
manufacturing facility with volatile organic compounds in the ground water. Conceptual 
design of remedial ground water extraction/recharge system. 

IT Corp., Livingston, LA Train Derailment: 
Substantive review and revision of statistically-based analytical mass transport model to 
predict migration of PCE from the derailment site. Technical lead in multidisciplinary 
planning meetings. A RCRA site. 

Diamond Shamrock Corp., Newark NJ Plant Decommissioning: 
Analysis of altemative remedial designs for site contaminated by dioxin and multiple 
organic and heavy metal compounds. Slurry wall hydraulics under tidal influence; 
dewatering during excavation. 

Legal Counsel for IBM Corp., Kansas City, KS, Conservation Chemical Corp. 
Landfill: Analysis of hydrogeological aspects of CERCLA site assessment and 
remedial design for site contaminated by multiple organic and inorganic compounds. 
Aquifer tests, natural ground-water flow and slurry wall containment dynamics in the 
Missouri River floodplain; contaminant flux estimates; technical reviews in support of 
litigation; expert witness testimony. 



Gary R. Chiriin 

Legal Counsel for Purex Corp., Garden City, NY, Solvent Transfer Facility: 
Analysis of complex hydrogeological setting and movement of volatile organic solvents 
in the ground water, using a three-dimensional numerical model. Review of remedial 
plans; support in settlement negotiations. 

Battelle, Office of Crystalline Repository Development: 
Guidance and review of screening model development for candidate sites of a 
high-level waste repository in crystalline rock. 

Amoco Oil Company, Independence, MO, Refir>ery Decommissioning: 
Study design, supervision, and data analysis for Reflnery-Wide Hydrology and 
Groundwater Investigation. Multiple RCRA waste management units onsite required 
assessment, closure. 

Legal Counsel for Ryan, Elliott and Company, Inc., Real Estate, Boston, MA, 
Site Assessment prior to Refinancing: 
Inspection and fleld investigation of multi-use commercial/industrial rental property to 
assess possible environmental liabilities. Report to title insurance company. 

Union Camp Corporation, Franklin, VA, Lime Mud Pond: 
Field investigation and analysis of hydrogeological conditions in vicinity of high-pH 
waste containment pond, in support of RCRA Part B permitting of the facility. 

Montgomery County, MD, Travilah Quarry Hydrology: 
Site assessment of suitability of existing quarry as a bale-flll (landflll accepting 
compressed, baled wastes). Supervision of water-balance field investigation and 
interpretation. Design flow for treatment facility. 

KLNB Management Company, Columbia, MD, Fuel Oil Tank Leak: 
Hydrologic assessment of oil migration. Design, construction, and operation of oil 
recovery system. Site assessment, preparation of corrective action plan (CAP) and 
associated permit applications, NPDES permit application, conceptual and flnal design, 
supervision, and startup of total fluids extraction and treatment system. Over 10,000 
gallons of fuel oil escaped into the saprolite and shallow bedrock setting. 

Cafritz Corp., Real Estate, Washington DC, Environmental Risk Assessment: 
Assessment of potential liabilities assumed in purchase of a NY shopping mall with 
existing ground-water contamination. 

Koppers Company, Carbondale, IL, Wood-Preservative Facility: 
Evaluation of ground-water flow beneath site of historical creosote releases. 
Estimation of aquifer parameters using observed water levels and optimization 
procedures. 



Gary R. Chiriin 

Legal Counsel for Velsicol Corp,, Hardeman County, TN: 
Data analysis and development of ground-water models to reconstruct timing of past 
pesticide releases; in support of litigation. 

Montgomery County, MD, Oaks Sanitary Landfill: 
Performance and analysis of aquifer tests to evaluate two-aquifer system underiying 
landflll site. Design of a statistical "eariy-waming" ground water monitoring system to 
interpret water quality data. 

United Nuclear Corp., Wyoming: 
Development of an optimizing routine to estimate aquifer parameters from the results of 
pump tests involving multiple, interfering, variable-rate pumping wells and numerous 
observation wells. 

Citizen's Group, Oamestown School, MD, Leaching Field: 
Evaluation of the effects on local ground-water levels of a proposed sewage leaching 
fleld associated with a new development, using numerical modeling. The results of the 
study led to relocation of the development. 

Water Suppiv and Water Rights 

Montville Township, NJ, Water Supply: 
Numerical model simulation of water supply development impacts in a glacial outwash 
aquifer. 

New Mexico State Engineers Office, Water Rights Study: 
Technical review of petitioner's claim on ground- and surface water rights in MM. 
Assessment of impact of ground-water withdrawals on stream flow using a quasi-3D 
numerical model of flow. Litigation support. 

New Mexico State Engineers Office, Interstate Ground Water Transfer: 
Numerical modeling to evaluate ground- and surface-water impact of proposed ground 
water withdrawals from Rio Grande's Mesilla Valley to supply El Paso, TX. 

Tetra Tech, Intl., Salalah Plain, Oman, Salinity Intrusion: 
Numerical modeling of saline wedge encroachment for various ground-water 
development management options. 

Electric Utility, Westem U.S., Water Rights Acquisition: 
Feasibility study of ground water supply for conventional utility plant. Estimation of 
local streamflow reductions, and identification of required water rights purchases. 

Town of Washington Grove, MD, Spring and Pond Hydrology: 
Assess threat of proposed development to natural spring and ground water flow 
supplying the town recreational lake. 



Gary R. Chiriin 

New Windsor Community Action Project, Carroll County, MD, Quarry Permits 
Review: 
Provide technical guidance and testimony during development of state surface mining, 
ground water appropriation, and surface discharge permits, and county zoning permit 
for a proposed marble quarry. 

Electric Power Research Institute, Palo Alto, CA: 
Develop a numerical model of the slug test, derive type curves for partial penetration, 
and assess limitations of the widely used Hvorslev (1951) and Cooper et al (1967) 
models. 



Appendix D. Compensation of Gary R. Chiriin 



Compensation of Gary R. Chiriin for this project is on a time and materials basis 

through Chiriin & Associates, Inc., Rockville, MD. The houriy billing rate for Dr. Chiriin is 

$165.00. 
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Mr. Michael McAteer (3 copies) 
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77 West Jackson Boulevard (SR-6J) 
Chicago. Illinois 60604-3590 

Re: Sauget Sites Area I January 21,1999 Administrative Order by Consent 
June 25,1999 Support Sanqriioc Plan as approved by letter dated 
September 9,1999 ("OrdeO 
• Draft Engineering Evaluation / Cost Analysis - Remedial Investigation / 

Feasibility Study Report C<Dnfl EE/CA - RI/FS Report") Submittal 

Dear Mr. McAteer, 

Pursuant to Section V. "Order", Paragraph 2.2 "EE/CA Report", and Paragraph 2.3 
"RI/FS Report" of the Sauget Sites Area I January 21, 1999 Administrative Order by Consent 
("AOC') and the June 25, 1999 Support Sampling Plan ("SSF') as approved by letter dated 
September 9, 1999, and consistent with Task 4. "EE/CA Report" and Task 5 "RI/FS Report 
(Groundwater)" of the Scope of Work for Engineering Evaluation/Cost Analysis and Streamlined 
Remedial Investigation and Feasibility Study ("SOW") attached to the SSP, Solutia Inc. 
("Solutia") hereby submits the Draft EE/CA - RI/FS Report for approval by the United States 
Environmental Protection Agency ("U. S. EPA"). Pursuant to prior agreement between Solutia 
and U. S. EPA, and for benefits discussed at the time of the Agreement, the Draft EE/CA and 
RI/FS Reports are t)eing submitted as separate sections within one combined document, with 
some overlap between some sections. The EE/CA Report is being submitted as originally 
scheduled - 60 calendar days after submittal of .the Data Report. The RIFS Report is ';wiiig 
submitted 30 days ahead of the original schedule of April 9 - which would have represented 90 
calendar days after submittal of the Data Report. 

Solutia is fully aware that remedy selection is the responsibility of U. S. EPA. However, 
pursuant to the approved SSP, Paragraph 6 of Volumes ID and IE. "EE/CA Work Plan" and 
"RI/FS Work Plan" respectively, reconunendations for the final EE/CA removal altemative 
selection and the final RI/FS remedial altemative selection, "...will be included in the Draft 
EE/CA (and Draft RI/FS) document". Therefore, recommendations for final removal and 
remedial altemative selections have been respectfully included. Inclusion should also serve to 
facilitate final removal and remedial altemative selection by the Agency by providing a 
comprehensive application of Solutia's interpretation of the EE/CA - RI/FS results in relation to 
CERCLA evaluation critena. Solutia is also aware that the additional CERCLA evaluation 
criteria of State and Community acceptance will be considered by L). S. EPA as it exercises its 
responsibility for selection of the final EE/CA removal action and final RI/FS remedial action. 



Delivery of the Draft Sauget Area I EE/CA - RI/FS Report within the AOC mandated schedule 
has been challenging. Solutia appreciates U. S. EPA's professional and open commiuiications 
and rapid and fair resolution of issues arising throughout the process. We look forward to a 
continuation of timely progress toward a final approved EE/CA - RI/FS Report and completion 
of all obligations pursuant to the AOC. 

Sincerely, 

D. M. Light 
Manager, Remedial Projects 
Solutia Inc. 

cc: (w/enclosure) 

Candy Morin - Illinois Enviroiunental Protection Agency 
Kevin de la Bruere - U.S. Fish and Wildlife Service 
Mike Henry - Illinois Department of Natural Resources 
Tim Gouger (3 copies) - U.S. Army Cops of Engineers 
Thomas Martin - U.S. EPA 
Linda Tape - Thompson Cobum 
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EXECUTIVE SUMMARY 

On Jantiary 21, 1999, Monsanto Company and Solutia Inc. entered into an Administrative 

Order by Consent (AOC) with Region V of the United States Environmental Protection 

Agency (USEPA) to develop and inq)lement a Support San^ling Plan (SSP) for Sauget Area 

1 which the USEPA refers to as the Site. For clarity purposes, all documents submitted under 

this AOC used the designations for Sauget Area 1 as set out by the USEPA. This is not an 

admission by Solutia that it agrees with the USEPA's designation. The Site is located just 

east of the Mississqipi River within the towns of Sauget and Cahokia, Illinois and includes five 

till areas (Sites G, H, I, L, and N), one former borrow pit (Site M) and five segments of Dead 

(2reek (CS-B through F). The SSP requires the perfonnance of additional investigative and 

assessment activities necessary to coiqilete an Engineering Evaluation/Cost Analysis (EE/CA) 

for affected soils, sediments, siuface water and air and a streamlined Remedial 

Investigation/Feasibility Study (RI/FS) for groimd water. This report presents a description 

and results of the additional investigative and assessment activities conipleted at the Site as 

part of the SSP, and evaluates removal and remedial altematives for addressing potential 

inqiacts to human health or the environment. The Site Characterization portion of the EE/CA 

and the Remedial Investigation are combined and presented in Sections 1.0 through 8.0 of this 

report. The altemative development and evaluation portion of the EE/CA is presented in 

Section 9.1 of this report. The FS for ground water is presented in Section 9.2 of this report. 

The EE/CA and RI/FS conply with the requirements of the National Oil and Hazardous 

S.hstances Pollution Contingency Plan (NCP), which contains provisions for implementing 

the requirements of the Comprehensive Environmental Response, Conpensation and Liabihty 

Act of 1980 (CERCLA). 

Two Unilateral Administrative Orders (UAOs) involving Sauget Area 1 have also been issued 

to Solutia by USEPA Region V. The first UAO issued Jime 21, 1999 requires select culvert 

replacements along Dead Creek in order to inprove hydraulic efficiencies. The second UAO 

was issued on May 31, 2(X)0, subsequent to the initiation of SSP field activities which 

commenced in September 1999. The second UAO requires the removal of affected sediments 
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from Dead Creek Segments (DS-B, C, D, E, a portion of F, and Site M, and subsequent 

placement in a containment cell to be constructed adjacent to CS-B. This removal action will 

effectively eliminate identified sediment transport and exposure pathways at Dead Creek. 

SITE BACKGROUND 

Sauget Area 1 formerly served as a repository for local area wastes dating back prior to the 

1920s. Dead Creek received direct and indirect waste and waste-water discharges from local 

industries and mimicipalities for over 50 years. Additionally, pits were excavated and used as 

landfills in areas adjacent to dead Creek for disposal of liquid and solid waste materials. These 

fill areas were used beginning in the 1930s. In addition, ground water was impacted by 

industries operating within or adjacent to Area 1. While aH of the original sources of waste 

discharge and disposal in Area 1 have been effectively stopped or controlled, waste deposits 

remaining in fill areas and Dead Creek sediments represent a secondary soiu'ce of potential 

concem to local receptors. 

Sites G, H, I, L and N were previously used for disposal of industrial, commercial and 

municipal solid and liquid waste materials. These fill areas include three closed 

municipal/industrial landfills (Sites G, H and I), two backfilled former siuface inpoimdments 

(both comprising Site L) and one backfilled borrow pit that was filled with constmction debris 

(Site N). 

The potentially affected portion of Dead Creek has been divided into five segments designated 

CS-B, C, D, E and F. Creek Segment A is the northernmost (upstream) segment of the Creek 

and has previously been remediated, filled and covered with cmshed gravel. Creek Segment F 

is located at the southernmost (downstream) end of Area 1, intersects the Borrow Pit Lake 

and discharges to Old Prairie duPont Creek. Also included in the Creek Study Areas is Site 

M, a former sand borrow pit located along the eastem side of Creek Segment B and 

hydraulically connected to Dead Creek. 
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OBJECTIVES AND SCOPE OF WORK 

The overall objective is to characterize affected media in Sauget Area 1 and develop data 

necessary to support a risk-based ranedy selection. Information developed fi-om this process 

is used to evaluate and select appropriate renx)val or remedial actions for the Site. The 

primary investigative and assessment activities conpleted as part of the SSP included: 

• Delineation of source area boundaries; 

• Characterization of aquifer parameters; 

• Delineation of constituents of potential concem (COPCs) in sedinoents, soil and 

ground water; 

• Evaluation of the potential presence of COPCs in stuface water and air; 

• Performance of pik)t treatability studies; 

• Completk>n of Htnnan Health and Ecological Risk Assessments; and 

• Preparation of EE/CA (soil, sediment, surface water, air) and RI/FS (ground water). 

SOURCE, NATURE AND EXTENT OF COPCs 

A Conceptual Site Model was developed as part of the SSP to identify preliminary COPCs 

and significant transport and exposiue pathways. Investigations performed as part of tlie SSP 

focused on delineating the source, natiu^ and extent of COPCs in soiu'ce areas, sediments, 

surface water, floodplain and source area soils, ground water and air. Major findings of these 

investigations were: 

• No significant soiuces requiring removal were identified at Sites G, H, I, L or N. 

• Waste noaterials present in Site G, H, I, L and N do not serve as a significant ongoing 

source of inpact to ground water. 

• Dense non-aqueous phase liquids (DNAPLs) may be trapped in the alluvial aquifer 

matrix imderlying and downgradient of Sites G and I, but are widely dispersed as small 

blobs and gangUa and essentiaUy inimobile due to capillary forces. Some DNAPL may 

have pooled on the bedrock siuface beneath Sites G and I. Slow dissolution of 

DNAPLs represent the primary ongoing source of ground-water contamination. 
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• COPCs present in groimd water underlying Area 1 should attenuate to below action 

levels prior to reaching the Mississippi River. 

• The sediment removal actions to be conpleted under the UAO will effectively 

eliminate significant sediment transport and exposiue pathways. 

• Air and surface water do not represent significant transport or exposure pathways. 

HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENTS 

A baseline Human Health Risk Assessment and Short-Term Risk Assessment were performed 

by ENSR IntemationaL A Baseline Ecological Risk Assessment was performed by Menzie-

Cura & Associates, Inc. In both cases. Creek Segments B, C, D, E and the upper portion of F, 

as well as Site M, were excluded from the assessments given tliat these sources are to be 

eliminated via the sediment removal action to be performed in accordance with the UAO. The 

results of the Human Health Risk Assessment and Short-Term Risk Assessment recommend 

removal action be considered for a single surface soU sanple location at Site I based on PCB 

and dioxin concentrations detected at that location. In addition, this assessment concluded 

that any future excavation work at Sites G and H should be monitored to determine 

appropriate personal protective equipment requirements due to potential inhalation exposures 

to benzene, chlorofonn or naphthalene volatilizing from exposed ground water. No 

unacceptable risks were identified for sediments, floodplain soils, surface water or air. The 

results of the Ecological Risk Assessment indicate no risks requiring renKsval action based on 

a weight of evidence approach and conparison to two reference areas. 

REMOVAL ACTION AND REMEDIAL ACTION OBJECTIVES 

Based on the findings and conclusions of the RI and Site Characterization investigations and 

risk assessments performed at the Site, the following Renrxjval Action and Remedial Action 

Objectives were established: 

• Provide institutional controls to require appropriate protection of constmction and 

industrial workers in fill areas. 
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• Establish engineering controls (e.g., fences and caps) for fill areas to prevent 

erosion of surface soils and potential for direct contact exposure, and to mitigate 

potential for rainfall infiltration to generate leachate where waste is present in 

leachable quantities. 

• Maintam existing institutk>nal controls to preclude the use of ground water as a 

potable water source in Area I. 

• Mitigate the potential for ground water with contaminant concentrations in excess 

of appropriate standards to discharge from Area 1. 

EE/CA-FILL AREAS 

The fill areas are the only areas requiring evaluation of potential remedies under the EE/CA 

process, based on the results of fate and transport analysis, the Human Health Risk 

Assessment and the Ecological Risk Assessment. Five removal altematives were considered 

and evaluated against the criteria of effectiveness, inplementability and cost. Two altematives 

that met the evaluation criteria and satisfied the remedial action objectives for fill areas are as 

follows: 

Fill Area Altemative D Fill Area Altemative E 
• Institutional Controls • Institutional Controls 
• Ground-Water Monitoring • Ground-Water Monitoring 
• DNAPL Recovery, Sites G and I • DNAPL Recovery, Sites G and I 
• Protective Cover, Sites G, H and L • Low Permeability Cover, Sites G, H and L 
• Low Penneability Asphalt Cover, Site I • Low Permeability Asphalt Cover, Site I 

The present value cost of Altemative D is $9,820,306 conpared to a present value cost of 

$10,307,777 for Altemative E. Alternative D is the recommended altemative. 

FS - GROUND WATER 

Ground water is addressed in the context of the streamlined FS process. Four remedial 

altematives were considered and evaluated against the criteria of overall protection of human 

health and the environment, compliance with applicable or relevant and appropriate 
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requirements, long-term effectiveness and permanence, reduction of toxicity, mobility or 

volume through treatment, short-term effectiveness, implementability, and cost. Three 

alternatives met the evaluation criteria and satisfied the remedial action objectives. These are 

summarized in the following table: 

Ground Water Altemative B Ground Water Altemative C Ground Water Altemative D 
• Institutional Controls • Institutional Controls • Instimtional Controls 
• Ground-Water • Ground-Water • Ground-Water 

Monitoring Monitoring Monitoring 
• Hydraulic Containment • Plunae Recovery 
• Ground-Water Treatment • Ground-Water Treatment 

The present vahie cost of Altemative B is $2,818,759. The present value cost for Altematives 

C and D are $13,414,593 and $27,161,595, respectively. The detailed analysis denaonstrates 

that the primary source of ongoing ground-water contamination is slow dissolution of widely 

dispersed, immobile DNAPL. The analysis concludes that ground-water restoration is 

impracticable. Restoration of ground water downgradient of Site I will take hundreds of 

years, and active pimping does not appreciably accelerate the time required when compared 

to natural restoration. 

Ground-water modeling was performed to evaluate plume and source behavior. The 

modeling concludes that the ground-water contaminant plumes are either stable or less than 

50 feet from their ultimate plume lengths, and that no plume with contaminant concentrations 

in excess of appropriate standards should reach the Mississippi River. The modeling also 

concludes that the mass removal rate due to ongoing, natural processes is such that more than 

11,000 poimds per year of contaminant mass are removed before the plume downgradient of 

Site I reaches Route 3, the downgradient Site boundary. However, considering the NCP 

preference for prevention of further plume migration when ground-water restoration is 

impracticable, Altemative C, which includes a fenceline hydraulic containment system, is the 

recommended altemative for groimd water. 
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1.0 INTRODUCTION 

1.1 General 

On January 21, 1999, Monsanto Conpany and Solutia Inc. (Respondents) entered mto an 

Administrative Order by Consent (AOC) with Region W of ibc United States Environmental 

Protection Agency (USEPA) with regards to environmental actions to be completed at 

Sauget Area 1 in Sauget and Cahokia, Illinois (Site or Area 1). Area 1 is located just east of 

the Mississippi River within the towns of Sauget and Cahokia, Saint Clair County, Illinois as 

shown on Figure 1-1. Sauget Area 1 is bounded on the north by the Alton Southern Railroad, 

on the east by Falling Springs Road, on the south by Route 157, and on the west by Route 3. 

The Site includes five (5) fill areas near Dead Creek (Creek) known as Sites G, H, I, L, and N. 

Also included in the Site are five (5) segments of Creek identified as dj^ek Segments (C^) B 

through F and one former bonow pit (Site M). The locations of these areas and the perimeter 

of Sauget Area 1 are illustrated on Egure 1-2. 

Area 1 has been subjected to naihple historic industrial discharges, waste disposal and 

manufacturing activities over an extended period of time. Many of the acdvities and disposals 

associated with the industries within or adjacent to Sauget Area 1 are likely to have inpacted 

environmental media. (Characterization of sources at industrial facilities and characterization 

of the extent of migration from these sources through the soil, surface water, sediment, 

ground water or air pathways was not included in the scope of the AOC. Ground water 

beneath Area 1 contributes to part of a regional ground-water concern. A second study area 

is located just west (downgradient) of Sauget Area 1 and is referred to as Sauget Area 2. 

Facilities located within Sauget Area 2 include land disposal, electrical power generation and 

transmission, bulk terminal, waste-water treatment, and incineration-related operations. This 

investigation focuses only on Sauget Area 1, which is separated from Sauget Area 2 by Route 

3. 

One of the requirements of the AOC, identified in Section V and in the supplemental Scope of 

Work (SOW), is to prepare and implement an Engineering Evaluation/Cost Analysis (EE/CA) 

to address the soil, sediments, leachate, surface water and air at the Site. In addition, the 
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AOC and the SOW require the inplementation of a focused Remedial Investigation/Feasibility 

Study (RI/FS) to address groimd water in Area 1. A Support Sanpling Plan (SSP) was 

prepared by Sohitia Inc. and approved by the USEPA Region V on September 9, 1999 to 

inplement the actions required by the AOC SOW and provide the data necessary to support 

conpletion of both the EE/CA and the RI/FS. 

The purpose of the SSP investigation was to provide the data needed to evaluate the inpact 

to soil, sediments, surface water, groimd water, and air resulting from the disposal/deposition 

of materials in Sauget Area 1 and to assess the associated risk to human health and the 

environment. The EE/CA and the RI/FS were subsequently performed to evaluate remedial 

altematives for addressing the inpact to human health and/or to the environment ftom 

affected media. 

The SSP, EE/CA and RI/FS were conducted in a manner consistent with the requirements of 

the AOC and the SOW. Furtheimore, the USEPA Guidance on Conducting Remedial 

Investigations and Feasibility Studies Under CERCLA (EPA540-G-89-004) and Guidance on 

Conducting Non-Time Critical Removal Actions Under CERCLA (EPA540-R-93-057) were 

used as guidance documents during implementation of these programs. The EE/CA and 

RI/FS comply with the requirements of the National Oil and Hazardous Substance Pollution 

Contingency Plan (NCP), which contains provisions for implementing the requirements of the 

Conprehensive Environmental Response, Conpensation and Liability Act of 1980 (CERLA). 

The EE/CA and FS fully utilize the presumptive remedy approach and streamlining principles 

prescribed by the NCP and the Supwrfimd Accelerated Cleanup Model. 

On May 31, 2000, the USEPA issued a Unilateral Administrative Order (UAO) requiring 

Solutia Inc. to remove sediments from Creek Segments B, C, D, and E, and from Site M. The 

UAO also requires that these sediments be transferred into an on-Site containment cell. A 

Time Critical Removal Action Work Plan was submitted to the USEPA on June 30, 2000, and 

installation of a sediment dewatering system commenced in November 2000. Materials to be 
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removed in accordance with this UAO have therefore been screened from further 

consideratton under the EE/CA process. 

1.2 Objectives 

Tiie overall objective of the Site characterization process is to characterize affected media in 

Area 1 sufBcient to support an infoimed risk management decision regarding remedy 

selection Data and information tram this process are then used in the EE/CA and FS to 

evaluate and ultimately reconmacDd the most appropriate remedial actions at the Site. Specific 

objectives established for the SSP, EE/CA and RI/FS are presented in the subsections below. 

1.2.1 Support Sampling Flan Objectives 

The objective of the SSP is to fintber determine the extent of contamination at the Site 

beyond that defined by previous Site investigations. This plan contains a descrptton of 

equipment specificattons, required analĵ ses, sanple types, and sanple locations and 

frequency. The plan addresses specific hydrotogic, hydrogeologic and air transport methods 

mcluding, but not limited to, geotogic mapping, geophysics, field screening, drilling and weU 

instaUation, flow determinatton, and soil, water, sediment, sludge, and waste sampling to 

determine the extent of contamination. Data requirements are identified for specific remedial 

technologies that may be necessary to evaluate remediation altematives in the EE/CA and the 

RI/FS. Discrete objectives for individual conponents of the SSP are presented in the 

paragraphs that follow. 

Waste Characterization Sampling Plan 

Fill area samples were collected in order to characterize the wastes present at each site and to 

evaluate potential exposures for the Human Health Risk Assessment (HHRA; outdoor 

industrial worker and constmctton/utility worker exposure scenarios). The Human Health 

Risk Assessment Work Plan is included as Volume IB of the SSP. 
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Ground-Water Sampling Han 

Ground-water sanples were collected m the alhivial aquifer and alluvial aquifer/bedrock 

interface at the fiU areas, in the alluvial aquifer downgradient of the fill areas and in shallow 

ground-water and domesdc wells adjacent to Dead Creek. The purpose of this sanphng is to 

define current ground-water quality conditions at the fin areas, to determine ground-water 

quality downgradient fi^m the fill areas and to provide information for the HHRA 

(volatilization from ground water to outdoor air for the outdoor industrial worker and 

construction/utility worker, vapor intrusion into buildings for tlie indoor industrial worker, 

and residential use of ground water from shallow wells for lawn and garden watering 

scenarios). 

Soil Sampling Plan 

Soil sanples were collected in both undeveloped and developed areas that are susceptible to 

flooding and deposition of wind-blown dust. Specifically, floodplain soil sanpling was 

conducted in an area bounded by Queeny Road on the north. Falling Springs Road on the 

east. Route 157 on the south and Route 3 (Mississppi Avenue) on the west. This is the area 

where water backs up at road crossings during heavy rains and where Site-related constituents 

were known to be present in Creek sediments. This area also includes most of the residential 

development in Area 1. 

Information from the soil sampling program is used to determine the extent of migration due 

to overbank flooding and wind-blown dust deposition. In addition, surficial and subsurface 

soil information is used in the HHRA (outdoor industrial worker, constmction/utihty worker 

and residential exposure scenarios) and Ecological Risk Assessment (ERA). 

Sediment Sampling Plan 

Vertically integrated sediment sanples were collected in Dead Creek to determine the extent 

of downstream migration of Site-related constituents and to provide information for use in the 

HHRA (recreational teenager and recreational fishing scenarios) and the ERA (potential 
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ecotogical receptor e;qx}sure to sediments). The Ecotogical Risk Assessment Work Plan is 

inchided as Vohmoe IC of the SSP. 

Surface-Water Sampling Flan 

Suiface-water sanples were collected to determine the extent of downstream migratton of 

Site-related constituents and to provide informatton for use in the HHRA (recreattonal 

teenager and recreational fisimg scenarios) and the ERA (endpoint organism exposure to 

surface water). 

Air Sampling Han 

Ambient air sanpling was conducted at the fill areas to determine the tendency of Site 

constituents to enter the atnuspbere and tocal wind patterns. Air sanpling data are 

subsequentiy evaluated in the HHRA (outdoor industrial worker, construction/utility worker 

and trespassing teenager exposure soenartos). 

Ecological Assessment Sampling Flan 

Ecological sanpling was conducted to evaluate the inpact of Site-related constituents on the 

potential ecological receptors (large mouth bass, great blue heron, bald eagle, mallard duck, 

muskrat and river otter). Fish filet data are also used in the HHRA (recreattonal fishing 

scenario). 

Pilot Treatability Test Sampling Flan 

Treatability studies were conducted on fill area waste materials to identify any characteristics 

of these materials that would prevent their treatment using off-Site incineration or on-Site 

thermal desorption technotogies. Leachate treatability pilot testing was performed to 

determine the appropriate combination of physical/chemical and/or biological treatment 

processes that are needed to achieve pretreatment requirements for discharge to the American 

Bottoms publicly-owned treatment works (POTW). 
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1.12 EE/CA Objectives 

The USEPA intends to address all tiireats to human health and tibe environment (with the 

exception of ground water) at Area 1 using the EE/CA process. The objectives of the EE/CA 

are to develop, screen, and to perform a detafled evaluatton of removal alternatives for media 

in areas that are determmed to be acutely hazardous to human health and the environment. 

The puipose of removal actions generally is to respond to a release or threat of a release of 

hazardous substances so as to prevent, Tninimizf- or nmtigate harm to human health and the 

environnaent. As cited in the preamble of the NCP (FR8695): "Although all removals must be 

protective of human health and the environment within their defined objectives, removals are 

distinct from remedial actions in that they may mitigate or stabilize the threat rather than 

conprehensrvely address all threats at a site." The removal objectives are consistent with aU 

applicable or relevant and appropriate requirements (ARARs) to the extent practicable 

considering the urgency of the situation and scope of the removal, and each selected removal 

altemative is analyzed for effectiveness, inplementability, and cost. The altemative 

recommended herein for Area 1 is intended to be the final remedy. 

1.2.3 RI/FS Objectives 

The primary objective of the RI/FS process is to gather information and provide evaluations 

and conparisons which are sufficient to support an informed risk management decision 

regarding the remedy selection for groimd water. The RI evaluates all data and information 

developed during the implementation of the SSP, evaluates the hydraulic characteristics of the 

uppermost aquifer, and assesses risk to human health and the enviroimient. The FS develops a 

list of remedial altematives that will protect human health and the environment based on 

information that was coDected during the RI and previous investigations. These altematives 

are evaluated against nine criteria provided in 40 CFR 300.430 which are: overall protection 

of human health and the environment; conpliance with ARARs; long-term effectiveness and 

permanence; reduction of toxicity, mobility, or volume through treatment; short term 

effectiveness; inplementability; cost; State acceptance; and community acceptance. 
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13 Technical Approach 

The technical approach for this investigation included the review of data gaps identified by the 

USEPA and defined in tiie AOC SOW and coUection of data to address these g^s . An 

Ecology and Enviromnent (E&E) 1998 data conpilatton was reviewed, as was a 1989 E&E 

Site investigatton report. However, because these previous investigations were conducted 

more than 10 years ago, a considerable amount of new data was collected from all media at 

the Site during the SSP. Historical data are not being used m the EE/CA and RI/FS because 

they do not reflect current conditions. Data collected during inplementation of the SSP to fill 

data gaps and provide informatton needed for the HHRA, ERA, EE/CA and RI/FS included: 

• Waste Characterization 

Waste Depths 

Extent of (Tover over Fill Areas 

Waste Volumes 

Soil Gas Surveys 

Magnetometer Surveys 

Test Trenches/Borings 

Leachate Sanples 

Ground Water 

Degree of Hazard and Mobility of Constituents 

Recharge and Discharge Areas 

Regional and Local Flow Direction and Quality 

Local Uses of Groimd Water 

Horizontal and Vertical Distribution of Constituents 

- Fill Area Ground Water 

- Downgradient Alluvial Aquifer Groimd Water 

- Bedrock Groimd Water 

- Non-Potable Domestk: Wells/Residential Ground Water 

- Slug Tests 
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- Grain Size Analyses 

- Upgradient Ground-Water Sanpling 

• Son 

• Extent of Contamination in Undeveloped Area Surface Soils 

• Extent of Contamination in Undevetoped Area Subsurface Soils 

• Extent of Contamination in Developed Area Surface Soil Sanples 

• Extent of Contamination in Developed Area Subsurface Soil Sanples 

• Dioxin Sampling 

• Background Soil Sanples 

• Sediments 

• Extent of Industiy-Specific Constituent Migration in Undeveloped Areas 

• Extent of Industry-Specific Constituent Migration in Developed Areas 

" Extent of Industry-Specific Constituent Migration in the Borrow Pit Lake/Old 

Prairie duPont Creek 

• Extent of Site-Specific Constituent Migration in Dead Oeek 

• Siuface Water 

• Areas of Surface-Water Contamination in Dead Creek, Old Prairie duPont Creek, 

and Wetland Areas 

• Air 

• Tendency of Constituents to Enter the Atmosphere and Local Wind Pattems 

- Volatile Organics 

- Semivolatile Organics, PCBs and Dioxins 

- Metals 

• Degree of Hazard 

• Ecological Assessment 

• Affected Ecosystem Description 

• Evaluation of Toxichy in Creek Segments B, C, D and E 

• Evaluation of Toxicity in Site M Sediments 

• Evaluation of Toxicity in Creek Segment F 
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• Evaluation of Toxicity in Reference Areas 

• Assessmait of Endpoint Organisms 

• E}qx)sure Pathways 

• Toxicity Testing or Trappipg 

• PQot Treatability Studies 

• Ofif-Site Waste Incineration Treatability Evaluation 

• On-Site Waste Tbennal Desoiption Treatability Evaluation 

• Leachate Treatment Pitot Treatability Tests 

A strategic technical approach was devetoped to analyze these data fcM* use during the 

subsequent EE/CA and RI/FS. The outline of this approach is as follows: 

• Collect and review data and information pertaining to Area 1 that were developed 

prior to this investigation; 

• Review all documents pertainmg to this investigation (SSP, AOC SOW, RI/FS and 

EE/CA Work Plans, and UAO) to ensure the intended investigattons and reporting 

procedures previously concurred upon by Solutia Inc., the USEPA, and the niinois 

Environmental Protection Agoicy (lEPA) are followed; 

• Divide all data coUected during this investigation into separate categories based on 

media (waste, ground water, soil, sediment, surface water and air); 

• Analyze the data for each medium and identify trends as well as ranges for selected 

constituents; 

• Develop a list of chemicals of potential concem (COPCs) and characterize their 

source, nature and extent; 

• Conduct a Human Health Risk Assessment and an Ecological Risk Assessment for 

conplete or potentially complete exposure pathways and potential receptors; 

• Develop, screen, and perform a detailed evaluation of removal/remedial altematives 

for media where appropriate; 

• Identify the most feasible removal/remedial altemative based on the above analyses. 
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1.4 Report Organization 

During the inplementation of the SSP, it became apparent that environmental media 

evaluations to be conpleted independentiy under the EE/CA and RI/FS need to be addressed 

in a holistic manner in order to properly characterize media interactions and develop 

appropriate Site-wide removal or remedial altematives. For exanple, the potential migration 

of Site constituents fipom fiU areas needs to be evaluated in the context of subsequent inpact 

on ground-water quality. Similarly, a response action selected to address potential contact 

exposure threats may also serve to mitigate migration pathways affecting other media and 

exposure scenarios. Based on these considerations and the similarities in the EE/CA and 

RI/FS report contents, as outlined in the SSP (Volumes ID and IE), these reports have been 

consolidated into a single docunent presented hereiiL A side by side conparison of the 

EE/CA and RI/FS report outlines contained in the SSP remfbrces this observation: 

EE/CA Report Outline 
Executive Summary 
Site Descnption and Background 

Previous Removal/Remedial Actions 
Source Nature and Extent of 
Contamination 
Analytical Data 
Streamlined Risk Evaluation 

Identification of Removal Action 
Objectives 
Identification and Analysis of Removal 
Action Altematives 
Conparative Analysis of Removal Action 
Alternatives 
Recommended Removal Action 
Alternative 

RI/FS Report Outline 
Executive Summary 
Site Background and Description 
Past Disposal Practices 
Site Characteristics 

Nature and Extent of Contamination 

Summary Information on Investigations 
Fate and Tran.sport 
Risk Assessment 
Remedial Action Objectives 

Development and Screening of 
Altematives 
Conparative Analysis 
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The site characterizatton portions of the EE/CA and the Remedial Investigation portions of 

the RI/FS are contained in Secttons 1.0 through 8.0 of this document. Section 9.1 of this 

document contains identificatton and analysis of removal action altematives in -accordance 

with EE/CA guidance. The streaoidined Feasibility Study for ground water is contained in 

Section 9.2. The report organizatton is depicted below: 

Section 1.0 

Sectton 2.0 

Section 3.0: 

Sectton 4.0 

Section 5.0 

Section 6.0: 

Section 7.0: 

Section 8.0 

Section 9.0 

Introduction 

Background 

SSP Investigatton Description 

SSP Investigatton Results 

Source, Nature and Extent of Contamination 

Human Health Risk Assessment 

Ecotogtoal Risk Assessment 

Site Investigatton Findings and Conclusions 

EE/CA and FS 

Section 1.0 provides an introductton of the project and states the project objectives, technical 

approach, and outline of this document. Section 2.0 discusses the background information at 

the Site including environmental setting, previous operations and disposal practices, and the 

previous and planned removal and remedial actions conpleted at the Site. Section 3.0 

presents a sunmiary of the SSP work elements conpleted for each medium at the Site and 

surrounding area Section 4.0 presents the results from the SSP investigation. Section 5.0 

provides an analysis of the source, nature and extent of constituents of potential concem in 

each medium based on analysis of data from the SSP. Sections 6.0 and 7.0 summarize the 

results of the Human Health and Ecological Risk Assessments, respectively. Section 8.0 

presents the Site investigation findings and conclusions. 
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Section 9.0 presents the EE/CA and the FS and is organized as follows: 

Section 9.1 RIl Areas (EE/CA) 

Sectton 9.1.1 Identification and Screening of Technologies 

Section 9.1.2 Detailed Analysis of Alternatives 

Section 9.1.3 Conparative Analysis 

Section 9.1.4 Recommended Altemative 

Section 9.2 Ground Water (FS) 

Section 9.2.1 Identification and Screening of Technologies 

Section 9.2.2 Detailed Analysis of Altematives 

Section 9.2.3 Conparative Analysis 

Section 9.2.4 Recommended Altemative 

Section 9.1.1 identifies the remedial action objectives, describes general response actions, 

summarizes ARARs, and identifies technologies and processes to be considered for fill areas. 

Section 9.2.1 provides the same information for ground water. Section 9.1.2 presents 

alternatives for fill areas that are developed by grouping appropriate technologies, and 

evaluates these altematives m the context of specific CERCLA criteria. Section 9.2.2 

accomplishes the same for groimd water. Sections 9.1.3 and 9.2.3 present a comparative 

analysis of the altematives for fill areas and ground water, respectively. Section 9.1.4 presents 

the recommended altemative for fill areas, while Section 9.2.4 presents the recommended 

altemative for ground water. 
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Engineering Evaluation/Cost Analysis 
Remedial Investigation/Feasibility Study 

Sauget Area 1; Sanget and Cahokia, Illinois 

2.0 BACKGROUND 

2.1 Environmental Setting 

Area 1 is located in the Villages of Sauget and Cahokia, St Clair County, Illinois. The 

foltowing subsections provide a desciqnton of the Site features, climate, area physiography, 

topography, hydrology, hydrogeotogy, and surrounding land use and population. 

2.1.1 Site Location and Descripticm 

The study area is centered on Dead Cieek, an intermittent stream that is approximately 17,000 

feet long, and its floodplain Dead Creek is an urbanized drainage channel situated in an 

industrial and residential setting. Three ctosed municpal/industrial landfills (Sites G, H, and 

I), one backfilled waste-water impoundnient (Site L), one flooded borrow pit (Site M), and 

one borrow pit bacldilled with concrete rubble and demolitton debris (Site N) are present in 

the study area. The study area also includes six Creek Segments: 

Creek Segment A Alton & Southem Railroad to (^eeny Avenue 

(prevtously closed, not included in EE/CA or RI/FS) 

Creek Segment B Queeny Avenue to Judith Lane 

Creek Segment C Judith Lane to Cahokia Street 

Creek Segment D Caliokia Street to Jerome Lane 

Creek Segment E Jerome Lane to Route 157 

Creek Segment F Route 157 to Old Prairie du Pont Creek 

These Sites and Creek Segments are shown on Figures 1-1 and 1-2 and are described in detail 

below using information firom prior investigations. Background information presented below 

was previously reported in the SSP, which is the primary source of the information contained 

hereiQ. 
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SiteG 

Site G is located south of Queeny Avenue, east of (and possibly under) the Wiese Engineering 

facility, and north of a cultivated field in the Village of Sauget. Creek Segment B of Dead 

Creek is located along the eastem boundary of the site. Site G is approximately five acres in 

size, and was operated and served as a disposal area from sometime after 1940 to the late 

1980s. The site was fenced in May 1988 pursuant to a USEPA removal action under 

CERCLA which was fimded by potentially responsible parties, including Monsanto. Wastes 

located on the surface and/or in the subsurface of Site G spontaneously combusted and/or 

burned for long periods of time on several occasions prior to the removal actioa The USEPA 

conducted a second CERCLA removal actton at Site G in 1995. This removal action mvolved 

the excavation of PCB, organics, metals, and dioxin contaminated soils on and surrounding 

Site G, solidification of open oil pits on the site, and covering part of the site (inchiding the 

excavated contaminated soils) with a clean soil cap approximately 18 to 24-inches thick. Site 

G is enclosed by a fence and is not currently being used. The property is vegetated. 

Site G operated as a disposal area fi^m some time after 1940 to 1966, and was subject to 

intermittent dunping thereafter until 1988, when the site was fenced. Prior to the current 

investigation, there were estimated to be 60,0(X) cubic yards of wastes within Site G, including 

oil pits, drums containing wastes, paper wastes, documents and laboratory equipment. 

SiteH 

Located south of (Jueeny Avenue, west of Falling Spring Road and west of the Metro 

Constmction Conpany property in the Village of Sauget, Site H occupies approximately five 

acres of land. The southern boundary of Site H is not known with certainty, but it is 

estimated that the Fill Area extends approximately 1,250 feet south of Queeny Avenue. Site 

H is connected to Site I under Queeny Avenue, and together they were known to be part of 

the Sauget-Monsanto Landfill which operated fixim approximately 1931 to 1957 (Note: 

Sauget used to be known as Monsanto until the name of the village was changed in the 
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1950's). Site H is not currmtly being used, and the property is graded and grass covered with 

some exposed slag. 

Due to the physical connectton to Site I, waste disposal at Site H was similar to that at Site I. 

Industrial wastes were disposed hoe fiom approximately 1931 to 1957. Wastes included 

drums of solvents, other oiganics and inorganics, including PCBs, para-nitro-aniline, chlorine, 

phosphorous pentasulfide, and l^drofluosilic acid. Municipal wastes were also reportedly 

disposed at Site H. The estimated volume of waste m Site H prior to the current investigation 

was 110,0(X) cubic yards. 

Site I 

Located north of (Queeny Avenue, west of Falling Springs Road and south of the Alton & 

Southem Railroad in the Village of Sauget, Site I was estimated to occupy approximately 19 

acres of land. Creek Segment A of Dead Creek borders Site I on the site's westem side. The 

site is cuirentiy graded and covered with crushed stone and used for equipment and tmck 

parking. Site I was originally used as a sand and gravel pit which received industrial and 

municipal wastes. Site I is connected to Site H (see above) under Queeny Avenue and 

together they were known to be part of the "Sauget-Monsanto Landfill." The landfiU 

operated fiom approximately 1931 to 1957. Wastes fixim Site I leached and/or were released 

into Creek Segment A and available downstream Creek Segments until Creek Segment A was 

remediated in 1990. (Note: The culvert between Creek Segment A and Creek Segment B was 

blocked in 1968. The culvert between Creek Segment B and Creek Segment C was blocked 

some time after 1932 and before 1943.) Site I served as a disposal area for containinated 

sediments from historic dredgings of Dead Creek Segment A. 

This site accepted industrial wastes from approximately 1931 to the late 1950s. Municipal 

wastes were also disposed in Site I. Site I was estimated to contain approximately 250,000 

cubic yards of contaminated wastes and fill material prior to the current investigation. 
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SiteL 

Site L is located immediately east of Dead Ci-eek Segment B and south of the Metro 

Construction Conpany property in the Village of Sauget. Site L is the former location of two 

surface inpoundnoents used from approximately 1971 to 1981 for the disposal of wash water 

from truck cleaning operations. This site is now covered by cinders and is used for equipment 

storage. Site L wastes have migrated into Site M. 

The volume of contanoinated fiH material in Site L is not known; however, the area of the 

inpoundment is estimated to be 7,600 square feet. 

SiteM 

Site M is located along the eastem side of Dead Creek Segment B (south of Site L) at the 

westem end of Walnut Street in the village of Cahokia. Site M was originally used as a sand 

borrow pit in the noiddle to late 1940s. The pit is hydrologicaHy connected to Dead Creek 

through an eight-foot opening at the southwest portion of the pit. Wastes from Dead Creek 

Segment B have in the past and potentiaUy continue to migrate into Site M via this 

connection. TTie Site is currently fenced. 

Site M was originally constmcted as a sand borrow pit in the middle to late 1940s. This pit is 

approximately 59,2(X) square feet in size, and previous investigations indicated that 

approximately 3,600 cubic yards of contammated sediments were contained within the pit. It 

is estimated that the pit is approximately 14 feet deep. 

Site N 

Site N is located along the eastem side of Dead Creek Segment C, south of Judith Lane, and 

north of Cahokia Street in the Village of Cahokia This site enconpasses approximately four 

acres of previously excavated land used to dispose of concrete mbble and demolition debris. 

The site is currently inactive and fenced. 
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Initially devetoped as a borrow pit sa die 1940s, Site N has been filled with concrete mbble, 

scr^ wood and other demolitton debris. The depth of the fill may be as much as 30 feet. 

Creek Segment A (CS-A) 

Creek Segment CS-A is the northernmost segment of the creek. It was approximately 1,800 

feet long and 100 feet wide, running from the Alton & Southern Railroad to Queeny Avenue. 

This segment of the creek originally consisted of two holding ponds which were periodically 

dredged. For several years, CS-A and available downstream segments (e.g., ones that were 

not blocked off) received direct waste-water discharges from industrial sources and served as 

a surcharge basin for the Village of Sauget (formerly the Village of Monsanto) municipal 

sewer collection system When the system became backed up or overflowed, untreated 

wastes from industrial users of the sewer system were discharged directly into CS-A. On 

several occasions, CS-A was dredged and contaminated sediments were disp>osed onto 

adjacent Site I. In 1968, the Queeny Avenue Culvert, which allowed creek water to pass from 

CS-A to CS-B, was permanentiy Uocked by the City of Sauget. 

EEPA-approved remediation work was conducted by Cerro Copper in 1990 at CS-A. 

Approximately 27,500 tons (20,000 cubic yards) of contaminated sediments were removed to 

Resource Conservation and Recovery Act (RCRA) and Toxic Substance Control Act (TSCA) 

permitted facilities. CS-A is now backfilled and covered with crushed gravel. Before 

backfilling, a high density polyethylene (HDPE) membrane was installed in the excavated 

channel 

Creek Segment B 

Creek Segment CS-B extends for afproximately 1,800 feet from Queeny Avenue to Judith 

Lane. Sites G, L and M border this Creek Segment. Land use surrounding CS-B is primarily 

commercial with a small residential area near the southem end of this segment. Agricultural 

land lies to the west of the creek and south of Site G. Some time after 1932 and before 1943, 

ROUX ASSOCIATES, INC. 2-5 Rev. 0 



Engineering Evaluation/Cost Analysis 
Remedial Investigation/Feasibility Study 

Sauget Area 1; Sauget and Cahokia, Illinois 

the Judith Lane culvert, which allowed creek water to pass frtwn CS-B to CS-C, was blocked. 

CS-B is hydrologically connected to Site M by a manmade ditch (see Site M descrption). 

Creek Segment C 

Creek Segment CS-C extends for approximately 1,300 feet from Judith Lane south to 

Cahokia Street. Site N borders this Creek Segment. Land use is primarily residential along 

both sides of CS-C. 

Creek Segment D 

Creek Segment CS-D extends for approximately 1,100 fi^t from Cahokia Street to Jerome 

Lane. Land use is primarily residential along both sides of CS-D. 

Creek Segment E 

Creek Segment CS-E extends approximately 4,300 feet from Jerome Lane to the intersection 

of Illinois Route 3 and Route 157. Land use surrounding CS-E is predominantly commercial 

with some mixed residential use. Dead Creek tenporarily passes through cormgated pipe at 

the southem end of CS-E. 

Creek Segment F 

Creek Segment CS-F is approximately 6,500 feet long and extends from Route 157 to the Old 

Prairie du Pont Creek. CS-F is the widest segment of Dead Creek, and a wetland area 

extends out from both sides of the creek. This area, known as the Borrow Pit Lake, is a long 

(6,000 ft) narrow (500 ft) rectangular water lx)dy that intersects CS-F near the midsection of 

the lake (Figure 1-2). Borrow Pit Lake is a borrow pit that was excavated during 

constmction of a local levee system sometime after 1954. Water firom CS-F discharges into 

the Borrow Pit Lake (downstream portion), and then to the Old Prairie du Pont Creek. The 

portion of Borrow Pit Lake that is located north of the CS-F discharge point (upstream 

ponion) remains stagnant (little or no water flow) during periods of no or low precipitation. 
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2 . U Climate 

The climate of the study area is described by the National Climatic Data Center (NCDQ as a 

modified continental climate. The area is subject to four-season climate changes without tiie 

undue hardshp of protonged periods of extreme heat or high humidity. To the south is the 

wami, moist air of the Gulf of Mexico; and to the north, in Canada, is a region of cold air 

masses. The convergence of air masses finom these soxnces, and tlie conflict on the frontal 

zones where they come together, produce a variety of weather conditions, none of which are 

likely to persist for any great length of time. 

Wmters are brisk and seldom severe. Records since 1870 show that the tenperature drops to 

zero degrees Fahrenheit (0° F) or bdow on average two to three days per year. The area 

stays at or below 32° F for less tiian 25 days in most years. Average snowfall for the area is a 

little over 18 inclies per winter season. Snowfall of an inch or more is received on five to ten 

days in most years. The tong-tenn record for the St. Louis area (since 1870) indicates that 

tenperatures of 90° F or higher occur on about 35 to 40 days per year, and extremely hot 

days of 100° F or more are expected no more than five days per year. 

The normal annual precipitation for the area is slightly less than 34 inches. The winter months 

are the driest, with an average total of about 6 inches of precipitation. The spring months of 

March through May are normally the wettest with normal precipitation of just under 10.5 

inches. 

2.1.3 Physiography and Topography 

The Sauget Area 1 study area is situated in a floodplain of the Mississippi River called the 

American Bottoms. It is located on the eastem side of the river directly opposite St. Louis, 

Missouri. As a whole, the floodplain enconpasses 175 square miles, is 30 miles long, and has 

a maximum width of 11 miles. It is bordered on the west by the Mississippi River and on the 

east by bluffs that rise 150 to 200 feet atx)ve the vaUey bottom. The floodplain is relatively 
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flat and generally slopes firom north to south and fiiom east to west. Land surface lies between 

400 and 445 feet above mean sea level (MSL). 

Locally across Area 1, the topogr^hy consists of nearly flat bottom land with slight 

irregularities. Elevations across the study area range fix)m 400 to 410 feet MSL, and the land 

surface trends m a southeastward/northwestward direction. 

2.1.4 Drainage and Hydrology 

The Mississppi River, bordering the American Bottoms to the west, is the major surface-

water body draining the area. It is fed by a conplex network of natural and artificial channels 

which have undergone extensive inprovement tlnoughout the 20"' Century. According to an 

investigation of ground-water resources conducted by the Illinois State Water Survey 

Drviston, at least 40 miles of inproved drainage ditch have been constructed and the natural 

lake area in the center of the floodplain has been reduced by more than 40 percent. 

Dead Qeek serves as the main conduit for surface-water drainage through the Sauget Area 1 

Site. The creek flows to a floodway south of Cahokia, which in tum discharges to the 

Cahokia Chute of the Mississippi River. Surface drainage across the smdy area is generally 

toward Dead Creek, although Site-specific drainage pattems are present: 

• An emergency action response by the USEPA in 1995 resulted in the capping of Site 

G. Because of this, surface water flows radially away from the site. 

• Drainage at Site H is typically toward Dead Creek, although the site contains several 

small depressions capable of retaining water. Water accumulating in these depressions 

due to precipitation infiltrates to groimd rather than draining from the site across the 

surface. 
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• The majority of drainage at Site I is to the west. Water flows to an interceptor and is 

ultimately carried through a series of storm sewers and effluent pipes to the American 

Bottoms Regional Treatnmt FaciUty. Currentiy, stoimwater runoff from the southem 

end of Site I drains to a catch basin on the north side of Queeny Avenue. This catch 

basin drains into CS-B. 

• Drainage at Site L flows to the west toward the creek across a cover of highly 

permeable material (cinders). 

• Site M is the recpient of surface runoff fixim a small residential area tocated to the 

southeast of the area. Surfiice water drains into Dead Creek through a cut-through 

tocated in the southwest comer of the site. 

• Site N receives runoff firom die surrounding area. 

Flooding occurs in Area 1 during periods of significant precpitation due to low topographic 

relief, lack of a storm-water drainage system in developed areas and limited hydraulic edacity 

in Dead Creek resulting from imder-sized road culverts. During such events, surface-water 

runoff is unable to drain sufficiently to prevent ponding and backup. The creek overflows at 

the same time that the banks and adjacent areas begin to flood due to lack of relief, resulting 

in flooding of the entire area. 

2.1.5 Hydrogeology 

2.1.5.1 Regional Hydrogeology 

The American Bottoms are underiain by unconsolidated valley fill. The valley fiU is composed 

of recent alluvium, known as the Cahokia Alluvium, which overUes a unit of glacial material 

known as the Henry Formattoa The Cahokia Alluvium is approximately 40 feet thick and 

consists of unconsolidated, pooriy sorted, fine-grained material with some local sand and clay 

lenses. These alluvial deposits unconfonnably overlie the Henry Fonnation which is 

conposed of medium to coarse sand and gravel that increases in grain size with depth This 

unit is approximately 95 feet thick and generally becomes thinner with increasing distance 

from the Mississippi River. 
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The valley fill throughout the floodplain is underlain by a bedrock system of Mississippian and 

Pennsylvanian age. The bedrock consists primarily of limestone and dolomite with some 

sandstone and shale, and is older in the central and westem sections of the American Bottoms. 

Two types of water-bearing formations that exist in the American Bottoms: unconsolidated 

and consolidated. The unconsolidated fbimations (predominandy silt, sand and gravel) are 

those that lie between the ground surface and the bedrock-gravel interface. The thickness of 

the unconsolidated formation varies throughout the area, but is typically estimated to be 

approximately 100 feet. Finer-grained sediments generally dominate at the ground surface 

and become coarser and more permeable with depth, creating semi-confined conditions within 

the aquifer. Thus, penneability and porosity increase in the unconsolidated formation with 

depth 

The consolidated formations are deep bedrock units of limestone and dolomite that exhibit 

low permeability and are not considered to be a significant source for ground water m the 

area 

As reported in "Groimd-Water Management in the American Bottoms, Illinois," hydraubc 

properties of the unconsolidated aquifer have been determined from 10 aquifer tests and 100 

specific capacity tests conducted on industrial, municipal, irrigation and relief weUs. The 

coefficient of storage for the aquifer ranged from 0.(X)2 to 0.155. Hydraulic conductivity 

values ranged from l.OxlO' gallons per day per square foot (gpd/ft̂ ) to 3.0x10^ gpd/ft". 

Recharge to the aquifer occurs through four (4) sources: precipitation, infiltration from the 

Mississippi River, inflow firom the buried valley channel of the Mississippi River, and 

subsurface flow from the bluffs that border the floodplain on the east. 

Historically, ground water from the American Bottoms aquifer was a major source of water 

for the area and was used for industrial, pubUc, and irrigation purposes. Ground-water levels 

ROUX ASSOCIATES, INC. 2-10 Rev. 0 



Engineering Evaluation/Cost Analysis 
Remedial Investigation/Feasibility Study 

Sauget Area 1; Sauget and Cahokia, Illinois 

prior to industrial and tnhan devekipment were near land surface. Intensive industrial 

withdrawal and use and construction of a system of drainage ditches, levees, and canals to 

protect developed areas lowered the ground-water elevation for many years. However, by the 

mid-1980s, the ground-water leveils increased due to reduced punpage, high liver stages, and 

high precpitation. Cuirentiy, no ground water is bemg punped firom the American Bottoms 

aquifer in the vicinity of Area 1 for public or industrial supply purposes. Nme individual 

residential wells have been identified near Area 1 and are listed in the SSP. These wells are 

used for irrigation purposes. FOur were sampled as part of the SSP investigation. However, 

Cahokia and Sauget both have city ordinances that prohibit use of ground-water as potable 

water. The public water supply is the exclusive potable water soutrce. 

The source of drinking water for area residents is an intalw in the Mississippi River. This 

intake is tocated at river mile 181, approximately three mDes north of Dead Creek. The 

drinking water intake is owned and operated by the Illinois American Water Conpany 

(lAWC) of East St. Louis, and it serves the majority of residences in the area. lAWC supplies 

water to Sauget. The Commonfields of Cahokia Public Water District purchases water firom 

LAWC and distributes it to porttons of Cahokia and CentervOle Township. The Cahokia 

Water Department also purchases water from LAWC and distributes it to small residential 

areas in the west and southwest porttons of Cahokia. 

The nearest downstream surface-water intake on the Illinois side of the Mississippi River is 

located at river mile 110, approximately 64 miles south of the project area This mtake 

supplies drinking water to residents in the Town of Chester and surrounding areas in Randolf 

County, Illinois. The nearest potentially inpacted pubUc water supply on the Missouri side of 

the river is located at river mile 149, approximately 28 miles south of Dead Creek. The 

Village of Crystal City, Missouri (pop. 4,CX)0) located 28 miles south of Dead Creek, utilizes a 

Raimey well adjacent to the Mississi{pi River as a source for drinking water. 

Although agricultural land is found throughout the immediate project area, this land is 

apparently not irrigated. The nearest irrigated land, other than residential lawns and gardens, 
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is located in the Schmids Lake-East Carondelet area, which is south of Old Prairie du Pont 

Creek. 

2.1.5.2 Site Hydrogeology 

Area 1 is located in the southwestern section of the American Bottoms floodplain. More 

specifically, it is situated south of East St. Louis, and is ^proximately three-quarters to one 

mile east of the eastem bank of the Mississippi River. Tlie stratigr^hy beneath the Site is 

much like that of the rest of the floodplain The Cahokia Alluvium is about 30 feet thick and 

exists as a fine sOty sand that is gray and brown in color. Below this, the unconsolidated 

deposits of the Henry Formation are present. Locally, the Henry Formation is characterized 

by medium-to-coarse sand that becomes coarser and more permeable with depth The 

thickness of this unit ranges fiom 140 feet near the river to about 100 feet on the east side of 

the Site. The ground-water level is currentiy between 10 to 20 feet below ground surface, but 

fluctuates during times of heavy and light precipitation. Figure 2-1 presents a generalized 

cross-section of the Site hydrogeology. 

Geologic data show that the unconsolidated deposits range firom 140 feet thick near the river 

to about 100 feet in the eastem part of Sauget Area 1. At most tocations, the contact between 

Cahokia Alluvium and the Henry Formation can not be distmguished. However,, three distinct 

hydrogeologic units can be ideiuified: 1) a Shallow Hydrogeologic Unit (SHU), 2) a Middle 

Hydrogeologic Unit (MHU), and 3) a Deep Hydrogeologic Unit (DHU). The 30 feet tiiick 

Shallow Hydrogeologic Unit includes the Cahokia Alluvium (recent deposits) and the 

uppermost portion of the Henry Formation. This unit is primarily an unconsoUdated, fine­

grained silty sand with low to moderate permeability. The 40 feet thick Middle 

Hydrogeologic Unit is formed by the upper to middle, medium to coarse sand portions of the 

Henry Formation. It contains a higher penneability sand than found in the overlying Shallow 

Hydrogeologic Unit, and these sands become coarser with depth At the bottom of the 

aquifer is the Deep Hydrogeologic Unit which includes the high permeabihty, coarse-grained 

deposits of the lower Henry Formation. This zone is estimated to be about 30 to 40 feet 
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thick. In some areas, till and/or boulder zones were encountered 10 to 15 feet above the 

bedrock. 

Aquifer tests performed at Area 1 ovex a span of 30 years have established characteristics such 

as transmissivity, hydraulic conductivity, storage coefficient and ground-water velocity. Tests 

have been conducted for all three (3) groimd-water imits and are summarized as follows: 

Transmissivity 
gpdm 

Hydraulic 
Conductivity 

Storage 
Coefficient 

Shallow 
Hydrogeologic 

Unit 141.5 gpd/ft 
9.5 gpd/ft̂  

(4x10"* cm/s) Not Available 
Middle 

Hydrogeologic 
Unit 165.000 gpd/ft 

3,300 gpdm^ 
(1.6x10'cm/s) 0.04 

Deep 
Hydrogeologic 

Unit 211.000 gpdm 
2.600 gpd/ft̂  

(1.2x10'cm/s) 0.002 to 0.100 
Note: Results are averages. 

2.1.6 SiuTounding Land Use and Population 

Heavy industry has located on the east bank of the Mississippi River between Cahokia to 

Alton, Illinois for nearly a century. Industrial activity peaked in the 1960s, although heavy 

industry has shut down throughout the American Bottoms, the Sauget area is still highly 

industrialized. Ln addition to heavy industry, the area currently has warehouses, trucking 

companies, commercial facilities, bars, nightclubs, convenience stores and restaurants. 

Active and inactive industrial facilities arc located upgradient of Area 1 (Mobil, Sterling Steel, 

T. J. Moss). Former industrial facilities (Midwest Rubber and Darling Fertilizer), bulk storage 

areas (Eagle Marine and Slay Terminals), waste disposal areas (Sauget Area 2 Sites Q and R), 

waste treatment facilities (Trade Waste Incineration), a chemical reprocessor (Resource 

Recovery Group), closed sludge lagoons (Sauget Area 2 Site O) and active waste-water 

treatment plants (P/CThem Plant and American Bottoms Regional Treatment Facility) are 
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located downgradient of Area 1. Active industrial facilities are located on its north (Ethyl 

Corporation, Big River Zinc) and south sides (Cerro Copper). Descriptions of each of the 

major industries, formerly or currentiy operating in the Village of Sauget are given below. 

Locations of the facilities are shown on Figure 2-2. 

Big River Zinc - Big River Zinc (fonneriy Amax Zinc), processes zinc sulfide concentrates 

(containing 60% zinc, 20% sulftir, 3% lead, 0.98% iron and 0.6% cadmium) into various zinc 

products including refined zinc metal cast into slabs, blocks and togs; zinc alloys; zinc 

powders; zinc sulfate noonohydrate and zinc oxide. Sulfiiric acid, copper, nickel, cobalt and 

cadmium were also produced at this facility. Opened in 1929, the plant shut down in 1971 but 

was refurbished and reopened in 1972. 

Prior to 1972, the facility stored residue fixim leaching operations in on-site inpoundments. 

These wastes likely contained inorganics and heavy metals. In 1987, the lEPA conducted a 

"Potential Hazardous Waste Site Preliminary Assessment" for the plant. The report noted 

that the storage of residues firom leaching operations in lagoons could have resulted in 

infiltration of residue into the ground water. Additionally, run-off firom the plant and seepage 

from the lagoons could have resulted in surface-water contamination. Soil sanples taken 

within the plant m 1988 indicated the presence of lead, arsenic, cadmium, chromium, zinc and 

nickel. 

Cerro Copper - Cerro Copper Products Conpany operates an integrated copper recycling 

plant using copper from many sources. In the past, Cerro received copper coils from 

transformers. It also scrapped PCB transformers on its property and drained the PCB oil into 

Dead Creek which bisected Cerro's property before it was remediated in 1990/1991. Sauget 

Area 1 Site 1 is located on Cerro's property. Sanples on Cerro's property revealed the 

presence of VOCs, SVOCs and metals. 
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Clayton n^fmipal - Clayton CbBincal, which is now owned by the Resource Recovery 

Groip (RRG), is tocated west of Sauget Area 1. The property was utilized firom 1930 to 

1962 as a railroad repair yard. Types of waste that may have been generated and disposed on 

site during this time frame are those typical of a rail yard in those years, including off-

specification or contaminated fiiels, used lubricating oiL waste wash water, etc. In 1962, a 

crude oil topping plant began operattons on site. Products derived firom the crude oil included 

white gas, distillate fiiel oUs, and residual bottoms material Wastes firom these processes 

were disposed on site. 

Other on-site operattons resulted in diqxisal of waste oil on site. Soil sanpling in the area of 

above-ground tanks detected PCBs and pentachlorophenol 

Dariing Fertilizer - Darling was in the business of manufacturing chemical fisrtilizers. The 

process appears to have involved acidulation of phosphate rock and the subsequent blendmg 

of the rock with nitrates, lime, etc. Dariing abandoned operations sometime after 1965. 

Ethyl Petroleum Additives, Inc - Ethyl Petroleum Additives, Inc. is located immediately 

north of the Sohitia W. G. Knmomrich Plant. In 1940, Monsanto sold land that is now owned 

by Ethyl to the federal government. Constmction of a plant to manufacture chemicals for use 

during World War II began shortiy thereafter and was conpleted by early 1942. Monsanto 

then entered mto a contract with the federal government (via the Chemical Warfare Service) 

to manufacture a product, known as CC-2, that was used to inpregnate soldiers' clothes 

during the war to protect them from chemical warfare agents. Raw materials used to 

manufacture CC-2 included chtorine, sulfiuic acid, aniline, urea and hydrochloric acid. The 

manufacture of CC-2 resulted in various spills and leaks, which likely inpacted soil and 

ground water. At the end of the war, the inpregnate processes were stopped. 
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In 1946, Monsanto entered into a lease with the government for operation of the plant. 

Pursuant to this lease, Monsanto produced 2,4-D, DDT, Santolube® and aDcylbenzene. In 

1960, the govemnaent sold the plant to Monsanto. In 1971, Monsanto sold the facility to 

Edwin Cooper & Co., which continued to operate a petroleum additives business at the 

facility. In 1975, Ethyl Corporation purchased Edwin Cooper. 

E&E conducted a Screening Site Inspection of the facility in 1990. Sanple results indicate 

increased concentrations of metals, including aluminum, iron, magnesium, potassium and zinc. 

Midwest Rubber - Midwest Rubber began operations in 1928. The company reclaimed 

mbber, princpally fixtm discarded automobOe tires by heating the tires in autoclaves with 

caustic solution or chloride solution Midwest Rubber's wastes included mbber, pine tars, and 

naphthalene. Until 1965, Midwest Rubber burned rubber that adhered to wires present in the 

tires. Burning ceased in 1965 and the residue was hauled away for disposal. One witness 

stated that the weistes were deposited in Site I. 

ExxonMobil - Mobil Oil Refinery (MobD) is located northeast of Sauget Area 1. In 

1917/1918, a refinery was constmcted on this property for the processing of lubricating oil. 

By 1940, production expanded to about 12,000 barrels per day, and the refinery added new 

equipment including four oven coke plants, a Houdry Gas Plant, and a new Gasoline Treater. 

Between 1942 and 1944, the refinery began necessary alterations for the production of 

aviation gasoline needed for World War EI. 

By 1961, production increased to 55,000 barrels per day, with coke production at a rate of 

8,000-13,000 tons per month. Although the refinery closed in 1970, operations at the Sauget 

Terminal expanded. Mobil Oil operated throughout the 1980s as a terminal for unleaded 

gasoline and #1 and #2 fuel oils. Product was received via two pipelines and a barge terminal 

and distributed via tmcks loaded at the terminal. Tanks, which were filled by pipeline, ranged 

in size firom 1,555 to 133,0(X) barrels. As of 1993, the Sauget Terminal operated a barge 
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dock that transported product from Joliet to Sauget, handled 200,0(X).0(X) gaUons of #1 and 

#2 fuel ofl and gasoline for several petfoleum conpanies and ultimately generated 100 to 1000 

Idtograms per month of hazardous wastes. 

Based on information from Mobil retirees and documents, the following operations resulted in 

releases to soil and ground water 1) on-site kilns, 2) residual process waste disposal, 3) oily 

waste pQes, 4) loading racks fhisbed with gasoline, 5) railroad tank car loading, 6) skimmer 

ponds used as traps to collect liquids including overflow firom alkylation units, 7) sludge 

placed in ponds or lagoons and 8) tank bottoms disposal in trenches. Wastes generated at the 

site included sludge, tank bottoms, other oil wastes, acids from caustic treating solutton and 

heavy metals. Wastes firom the operattons were deposited in Sauget area landfills. 

In 1940/1941, when jngtallnig on-site water supply wells. Mobil had to punp oil out of the 

ground. In a 1952 well test, a blade gummy oil was found at seven foet, and at 13 feet ofl was 

"showing." 

In 1981, Woodward-Clyde conducted a site investigation of Mobil's North Tank Farm to 

evaluate potential inpact firom past operations. This investigation concluded that past spflls 

and buried oily sludges had resulted in inpact to soil and ground water. Traces of oil and oil 

film were observed in some of the monitoring wells on site. The investigation report 

concluded that oil could be seeping mto the wells from buried sludges and that the weUs could 

be acting as conduits for the transmission of inpacted surface water and oil from buried 

sludges to the ground water. The ground surface at several tocations appeared to be stained 

with oil as a result of past leaks or spiUs. Oily sludge was observed caked on the surface near 

the oil recovery pits at the west end of the site. Petroleum was also observed seeping fix)m 

beneath a railroad tie retaining wall. 
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In 1994, underground storage tank (UST) closure activities were conpleted at the site, 

inchiding removal of four USTs in the main terminal area (the crude ofl refinery) and two 

USTs at the East Tank Farm (the bulk storage terminal). A release of hydrocarbons had 

occurred at each of the tanks. Benzene, toluene, ethylbenzene. and xylenes (BTEX), and 

polynudear aromatics were detected in the soil BTEX and polynudear aromatics were 

detected in a ground-water sanple firom tiie East Tank Farm, and polynudear aromatics were 

detected in a ground-water sanple from the Main Terminal Area 

The refinery ctosed in 1970, but operations continued at the Sauget Terminal until 1993. 

Over the years, operations at Mobfl's facilities resulted in various leaks and spills to the 

ground, all of which could have inpacted ground water. 

Rivers Edge l<andfill - Industrial Salvage and Disposal, Inc. (ISD), whose name was later 

changed to Sauget Co., operated the Rivers Edge Landfill (Sauget Area 2 Site R) for 

Monsanto firom 1958 to 1977 for disposal of hazardous and non-hazardous bulk liquid and 

solid chemical wastes and drummed industrial wastes from the Monsanto William G. 

Krummich Plant and, to a lesser degree, Monsanto's J.F. Queeny plant in St. Louis. Disposal 

began in the northern portion of the site and expanded southward. An average of 15,000 

cubic yards per year of waste material was disposed in the landfill. In 1979 the landfill was 

covered with a clay cap that varies m thickness from 2 to 8 feet. 

Sauget Landfill - In the late 1950s the Sauget famfly began the operation of the Sauget 

Landfill (Sauget Area 2 Site Q) which was located south of the Rivers Edge landfill previously 

operated by ISD, along the banks of the Mississippi River. It contmued in operation until the 

1970s. This landfill took plant trash from Monsanto, as well as waste from many other 

industrial facilities, demolition debris and municipal wastes. 
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Sterling Steel - Sterling Steel Fouodty, Inc. is located northeast of Sauget Area 1. 

Operations began at the site in 1922 is Sterling Electric Steel Casting Co. Sterling Steel used 

the following raw materials in its openttons: manganese, chromium, nickel, molybdenum and 

silicon. It disposed of casting sand, demolitton debris, scnp metal in unlined pits and surface 

disposal areas at least firom 1973 through 1978. One pit is tocated at Sauget Area 1 Site J. 

with another tocated near the facility's incinerator. Initial excavations of these disposal pits 

occurred in the 1950s. A 1986 E&E report noted that there was a high metal content in the 

wastes in the Site J area. Wastes finom the facility also inchided spent foundry sand, popcom 

slag and quench water scale. Cooling water from electric fiimaces. conpressors and air 

conditioning was dischai;ged into the 24" sewer line at the north end of Dead Creek. 

By 1982, the foundry conducted «nielttng by melting scrqi steel in an induction fionace, then 

pouring it into molds lined with a mbcture of sand and bentonite clay. The sand and bentonite 

clay mixture was then disposed on the {ffoperty. In 1982, after a brief shutdown, the facility 

was bought by St Louis Steel Casting. 

A 1986 soil gas survey conducted by E&E revealed volatile organic gases in concentrations 

rangmg firom 65 mg/L to over 10(X) nqg/L. Surface sofl sanples also indicated the presence of 

nickel (377 mg/kg) and cbromitnn (S(X) mg/kg). Subsurface sofl sanples indicated the 

presence of ethylbenzene, xylene, 1,4-dichlorobenzene, dibenzofiirans, phenanthrene and 

Arodor 1260. The highest organic concentration was 110 mg/kg near the southeast comer of 

the disposal area. A 1993 CERCLA Site Screening Inspection included on-site surface sofl 

and sediment sanples. PCBs were found in almost all sanples; and arsenic, barium, beryllium, 

cadmium, copper, mercury, nickel and thallium were identified at levels above background and 

normal sofl ranges. A 1996 Phase II Investigation conducted by Rust Environmental revealed 

arsenic, barium, cadmium, chromium and lead m ground water. The report concluded that 

these levels were associated with metal manufacturing and could have resulted from the fill 

material at adjacent areas. 
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TJ . Moss - The T.J. Moss Tie (Donpany, now owned by Ken McGee Chemical coiporation 

(Ken McGee) is located upgradient of Sauget Area 1. Moss Tie began as a wood treating 

operation at this location in 1927. The plant operated from 1927 through 1968, treating 

wood products such as raflroad ties and utility poles with creosote, pentachlorophenol and 

other preservatives. Operations at the plant under T.J. Moss and its successor Kerr McGee, 

were essentially identical The plant used creosote and ".. .5% Pentachlorophenol ("penta") in 

#2-4 diesel" Oeosote sohitions were utilized over the entire operating history of the plant. 

Penta was only used from the early 1950s untfl the plant's closing. 

Various inspections during the 1980s and 1990s revealed areas of hnpacted sofl throughout 

the facility. For exanple, a 1986 inspection revealed that the north inpoundment sludge and 

sofl sanples contained moderate to high levels of polyaromatic hydrocarbons (PAHs), whfle 

the south inpoundment sludge sanple contained 40.4 mg/kg of pentachlorophenol and 

moderate levels of PAHs. A 1988 to 1990 Remedial Investigation indicated that sofl and 

groimd water were inpacted primarily in the pond, process, and drip track areas along the 

southwestem and eastem half of the site. This investigation detected the foUowing 

constituents: benzene, toluene, ethylbenzene, xylene, phenol pentachlorophenol, cresols, 

naphthalene and other PAHs. Free product was encountered in four shaflow monitoring wells 

adjacent to the ponds, process and drip track areas and in the deep monitoring wells adjacent 

to the north pond and process area. 

A July 1993 ground-water quahty monitoring event also noted firee product mixed with water 

within the Cahokia AUuvium in various monitoring wells near the ponds, process, and drip 

track areas. For the Lower Henry Formation, free product was observed above the top of 

bedrock in one monitoring well in the north pond area Creosote saturated sofls were found 

beneath the north pond sludge and process area and drip track pad. In 1991, the volume of 

impacted sofl was estimated to be 788,190 cubic yards containing 2,584,030 pounds of PAHs. 
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Union Electric - From 1923 until 1979, Unton Electric operated a large electric generating 

station on the east bank of the Mittissppi River. A large electrical substation, operated by 

Ameren/UE, is tocated to the east of the generating station The power plant used coal for 

fueling its bofli^s untfl it switched to oil in the 1960s. Ash firom the plant was disposed in 

large ash ponds on property soudi of the plant The plant also contained PdS-filled 

transfomKrs both in the plant buildiDg and in the yard. Currentiy the facility is operated as a 

barge and rafl toading and iinto"^ipg facflity. Products handled included coal and various 

chemicals. 

ViUage of Sauget Waste Water Treatment Plant (WWTP) - Sauget Area 2 Site O is tiie 

location of the old Sauget Waste Water Treatment Plant (P-Chem Plant) sludge lagoons. The 

20-acre site consists of four covered sludge dewatering lagoons associated with the old 

WWTP. Documents indicate that fbc WWTP began operations in 1952. The sludge lagoons 

at Site O were opened in 1965, and were placed in operation in 1966/1967. A 1988 report on 

the Sauget area states that "[a]iproximately ten mfllion gaflons per day (gpd) of waste water 

was treated at this facility, of which over 95 percent of the. influent came firom industrial 

sources." 

A Notification of Hazardous Waste form was submitted to the USEPA by the Vfllage of 

Sauget in 1981 which explained that the lagoons were used for disposal of darifier sludges 

from 1965 to approximately 1978. The sludge lagoons were closed in 1980 by stabilizing 

with lime and covering with two feet of day. In 1982, the lEPA sanpled filter cake sludge 

firom the WWTP. The sanple results showed that several organics, including chlorobenzene, 

xylene and aliphatic hydrocarbons were present in sludges. Additional sofl and ground-water 

sampling was conducted by E&E at Site O in 1986/1987. The results of the sanpling were 

documented in the May 1988 Expanded Site Investigation Report. The sofl sanpling 

indicated that much of the sludge material was prol)ably removed prior to capping but 

organics were present in the residual material 
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William G. Krummrich Plant - Solutia's '\i\niliam G. Krummrich Plant is tocated north of 

Sauget Area 1. Chemical manufacturing began in 1907 when the Commerdal Acids Company 

constructed facilities to manufacture commodity chemicals inchiding sulfiiric, muriatic and 

nitric acids. In 1914, the Commercial Acids Conpany purchased a neighboring facility, the 

Sandoval Zinc Conpany, and added zinc chloride to its product line. Production of phenol by 

the sulfonation process started in 1916. Monsanto purchased the Commercial Acids 

Conpany in Noveniber 1917 and called it Plant B. Through this acquisition, Monsanto gained 

a product line that induded the heavy adds and zinc chloride as well as phenol, salt cake and 

nitric cake. These products remained the total line of Plant B untfl 1925 when it began 

producing chlorine and caustic soda. The following year, facilities were added for the 

production of chlorobenzenes, para-nitroaniline, and catalysts for contact sulfiiric add plants. 

Expanding rapidly during the 1930s, William G. Krummrich added nitrated organic chemicals, 

chlorophenols, benzyl chloride, arodors, hydrogenated products, phosphorus halides and 

phosphoric add to its product line. In 1932, the Vfllage of Monsanto installed sewers and 

Wflham G. Krummrich's process sewers were tied into the viflage system. Product line 

expansion was halted during WorU War II, when enphasis was placed on maximizing 

production of existing products to support the war effort. During this period, 15 acres of land 

were sold to the United States government as a site for the constmction of a chemical warfare 

plant. Two years after the end of World War II, Plant B leased the Chemical Warfare Service 

Plant from the US government (1947) and began producing 2,4-D and 2,4,5-T weed and 

bmsh kfllers. Later in the 1940s, production of the detergent ingredients Santomerse® #1 and 

aDcylbenzene began. 

Expansion continued in the 1950s when the plant began producmg potassium phenyl acetate 

(1950), monochloroacetic acid (1951), tricresyl phosphate (1954), adipic acid (1954), 

phosphorus pentasulfide (1955), fatty acid chloride (1956) and Santolube® 393 (1956). In 

1951, Plant B's name was changed to ^\^lliam G. Krummrich to honor a plant manager. 
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In 1960, Monsanto purchased the U.S. government's Chemical Warfiue Service Plant, and 

e:q>anston of T^lliam G. Krunsnidi-continued. New units were buflt for the productton of a 

germicide and an ofl additive, a nitratton facility and a modernized phenol production unit In 

1963, facilities for the productton of cbtorinated cyanuric acid conpounds came on stream 

and a new chlorine unit expanded output to 100 tons of chlorine, 70 tons of caustic soda, and 

55 tons of potash per day. A new ortho-dichlorobenzene unit was conpleted in 1964, the 

same year that the first consnercial biodegradable detergent intermediate was made in a 

modified unit. 

The Plant River Terminal, constructed circa 1960, had two tanks for storing sulfiuic acid, and 

one tank each for storing tohiene, caustic soda, monochlorobenzene and fuel ofl. The only 

other stmcture at the River Tenmal was a bofler bouse used to supply steam to keep tanks, 

punps and pping firom freezing. Several ppelines originated at this tocation. traversed 

property owned by others, crossed Lot F and passed under Route 3 at a point about even with 

Wflham G. Krummrich's West Gate. The pipeUnes were used to transfer benzene, sulfiuic 

acid, and toluene fiom the river dock to the plant process area 

In 1966 a laboratory, primarily used for quahty control and process research, began operation 

at the plant. A new sulfuric acid production unit was finished in 1967, replacing two smaUer 

manufacturing units. E^qianston of the para-nitrochlorobenzene production unit was also 

conpleted in 1967, leading to a SO percent increase in production In 1968, Wflliam G. 

Krummrich began the production of caldum benzene sulfonate (Santolube® 290). 1968 also 

saw the expansion of the aroctor, nitrochlorobenzene and ortho-nitrophenol production units. 

Final shutdown of the Phenol Department, which had operated for 54 years, occurred in 1970, 

and the Santosite® facilities were updated to increase production. In 1971, a subsidiary of 

Ethyl Corporation purchased the sectton of the plant known as the North Area (approximately 

24 acres) for the productton of petroleum additives. This area included the former chemical 

warfare plant. The Ortho-nitrophenol Department came on stream in 1972. 
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A new Benzyl Chloride/Santicizer® 160 Plant became operational in 1976, replacing an older 

plant. The Aroctor and Santosite® Departments ceased production and were dismantled m 

1977 and 1979, respectively. In 1981, the Santicizer® 160 and butyl benzyl chloride units 

ceased operations and were decontaminated and decommissioned. The departments were not 

dismanded since they were plaimed to resume operation when market conditions inproved. 

However, the market did not inprove, and in 1986 the department was converted to produce 

a mbber chemical product called Santoflex®. In the mid 1980s, chlorine manufacturing 

ceased at '̂ ^Uiam G. Krummrich and the remaining chlor/alkali facihties were dismantied. 

In the 1980s the Plant River Tenninal was dismantied and the pipelines leading to the plant 

were drained, flushed, and fflled with grout. 

In the early 1990s, the Ortho-Nitrophenol and the Phosphorus Trichloride Departments 

ceased operation and were dismantled. Also in the early 1990s two businesses that operated 

at William G. Krummrich changed ownershp: 1) Ocddental Chemical Corporation 

(OxyChem) purchased the ACL (swimming pool chlorine) business, and 2) Flexsys, a joint 

venture between Akzo Nobel and Monsanto, assumed ownership of the 4-nitrodiphenylamine 

and Santoflex® production units. 

In 1997 Monsanto spun off its chemical business to form Solutia Inc., and Wflham G. 

Krummrich became part of Solutia In 1999, Flexsys halted production of 4-

nitrodiphexflyamine (NDPA). The powerhouse, which generated steam and some electrical 

power for Wflham G. Krummrich, was also shut down in 1999. Denxjhtion of both 4-NDPA 

and the powerhouse started in 2000. In 2000, Solutia and FMC Corporation formed a joint 

venture caUed Astaris combining both companies' phosphoms businesses. Astaris is the 

current owner of the phosphoms pentasulfide production unit which is operated by Solutia. 
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Current Industrial Operations 

Industrial facihties currently operatiqg in the vicinity of Sauget Area 1 are listed below: 

Clompanv 

Astaris 

Big River Zinc 

Cahokia Marine Services 

Cerro (Copper 

Ethyl Corporation 

Flexsys 

Mobfl Ofl Conpany 

OxyChem 

PhiUps Petroleum 

Resource Recovery Grotp 

Slay Termmals 

Solutia 

Sterling Steel Castings 

Trade Waste Incineration 

Union Electric 

Business T-mft 

Fbosphorus Pentasulfide 

ZsDC Smelter 

Bulk Storage 

Copper Smelter 

Petroleum Additives 

Rubber Chemicals 

Bulk Storage 

Swimming Pool Chtorine 

Bulk Storage 

Waste Recychng 

Coal Storage 

Chlorobenzene 

Foundry 

Hazardous Waste Treatment 

Electricity Distribution 

The primary land use m the vicinity of Sauget Area 1 is industrial, with over 50 percent of the 

land being used for this purpose. In addition, small residential, commercial and agricultural 

pro]}erties are inters()ersed throughout the town of Sauget. There is a residential area adjacent 

to Sites H and I. The closest residence is tocated approximately 200 feet east of these sites, 

and the Sauget Village Hall is tocated adjacent to Site I. There are also two small cultivated 

fields located south of Sites G and L. These fields are used for soybean production and 

separate the sites from a residential area in the northem part of Area 1. 
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2.2 Waste Disposal 

The following subsection provides a descrption of the Uquid. soUd, and waste-water disposal 

activities associated with conpanies that previously placed waste in Area 1 and that are 

known to date. Many facts are still unknown. 

2.2.1 Liquid and Solid Waste Disposal 

Documentation of disposals at Sites G, H, I, L. M and N in Sauget Area 1 is Umited. Whfle 

Monsanto has submitted infonnation to the USEPA that documents its disposals mto Site I. 

no other area industry has presented such information despite the fact that many industries 

throughout the metropohtan area were using these sites. The following sets forth the limited 

knowledge avaflable: 

American Zinc (AMAX) A former Monsanto enployee stated to the lEPA that American 

Zinc dunped material in Sauget. The waste included copper cake containing copper, nickel 

and cobalt. 

Chemical Warfare Service (CWS) The CWS plant operated and owned by the government 

was in operation whfle Sites H and I were being used as landfills and possibly whfle disposal 

was occurring at She G. Wastes firom this operation were disposed in Sites H and I. It is 

possible that wastes were also disposed in Site G. 

Cerro Copper Ceno used slag from its blast fiimaces as fiU at Site I. Cerro Copper used 

solvents in its processes and these solvents were disposed m Sauget. 

Dariing Fertilizer The Darling plant was operated from sometime in the early 1900s (it was 

in operation at least by 1929) untfl 1965. Based on this time frame and its location, it is Ukely 

that wastes from the Darling plant were disposed in Sites G, H, and I. 
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Edwin Cooper Edwm Cooper began operations at Sauget in 1969. It produced crahkcase, 

gear and hydraulic lubricant additives. Waste generated at the site included diatomaceous 

earth used to filter products. Prior to 1973. the disposal method and location of this waste are 

unknown. An lEPA permitted landfill (Sauget Area 2 Site P) was operated by Sauget and 

Conpany firom 1973 to approximate^ 1980 on a site north of Monsanto Avenue and west of 

Route 3 at or near the cunent tocation of PT's Sports Bar. This 20-acre landfill accepted 

non-chemical wastes firom Monsanto and general waste and diatomaceous earth filter cake 

firom Edwin Cooper, Inc. (now Ethyl Corp.) 

Midwest Rubber Midwest Rubber's waste included rubber, pine tars, and naphthalene. Untfl 

1965. Midwest burned mbber that adhered to wires present in tires. Burning ceased in 1965, 

and the residual was hauled away, possibly to landfills in Sauget The USEPA has found that 

tire combustion is a source of dtoxin. In addition, conibustion of tkes at the site has caused 

dense smoke that contained lead, arsenic, cyanide, benzene, PAHs, ethyl mercaptan and other 

conpounds which are contaminants found at Area 1. Furthermore. Midwest used PCBs in 

equpment on site. Waste PCB ofl could have been disposed in Area 1. 

Monsanto Monsanto submitted a 103 (c) notice in 1981 which identflied the "Sauget 

(Monsanto) landfiU" on Falling Springs Road as receiving wastes from both the William G. 

Krummrich plant and the (Queeny plant in St. Louis firom an unknown date untfl 1957. These 

notices indicated that the type of wastes disposed in the landfiU included organics, inorganics, 

and solvents. Based on documents in Monsanto's 104(e) response, the wastes disposed at 

this landfiU were waste chemicals, residue, fflter aid, waste pap)er, paper sacks, floor 

sweepings, garbage, cardboard, fiber packs, steel dnnns, scrap buflding materials, etc. 

Because both the Wflliam G. Krummrich and the Queeny plants used other disposal sites for 

their wastes, the exact nature and amount of disposal at the Area 1 landfills is unknown. 
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Mobil In answers to a 104(e) request, Paul Sauget stated that Mobfl disposed of material at 

one or more of Sites G, H, and I. Witnesses confirmed Mobfl's disposals in Sites H and I. 

Mobfl disposed of sludges and beads fixim its ffltering operations. Mobfl likely used PCBs in 

its processes smce 54 ppb of PCBs were found in Mobfl's sewer effluent in 1971. During the 

excavations at Site G, a large volume of ofly sludges and tar-like wastes were found. Because 

of the volume, it appeared that the material originated fiom a large refinery operation. 

Rogers Cartage Rogers Cartage owned and operated a portion of Site H firom 1968 to 1979. 

Those operations likely resulted in the release of tank washings on to the ground at the site. 

The products hauled by Rogers Cartage are listed in Section 2.2.2. 

SterUng Steel Sterling Steel operated m Sauget firom 1922 to the present. Its processes 

produced waste that included spent foundry sand and popcom slag. The sand has been found 

to be extraction procedure (EP) toxic for metals. 

T.J. Moss/Kerr McGee From 1927 to 1968, T.J. Moss operated a plant in Sauget tiiat 

treated wood products such as railroad ties and utflity poles m a process that mvolved treating 

the wood with creosote, pentachlorophenol and other preservatives. Untreated wood waste 

was aUegedly bumed in the plant's bofler for heat recovery. Waste waters and storm water 

were impounded on site. There is no indication where the remaining wastes from the site 

were disposed. 

2.2.2 Waste-Water Disposal 

Up untfl sometime in the 1930s, Dead Creek flowed through the property now occupied by 

Solutia Inc.'s WiUiam G. Krummrich (WGK) plant. In the 1930s, the ViUage of Sauget sewer 

system was instaUed. Prior to this instaUation, industrial process waste water from many of 

the East St. Louis and Sauget Industries flowed directly into Dead Creek. Sometime in the 

1930s, Monsanto fiUed in the portion of Dead Creek located on its property. Storm water 
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continued to ftow ofif the property into Dead Creek via a 36-inch dianoeter culvert under the 

railroad tracks at the south side of the property. 

In 1932, the first public system of sewers was designed for the Village. The new sewers were 

constructed m 1932 and 1933. This included a 24-inch sewer north of Dead Creek running 

east to west. It also included an 18-inch sewer line that flowed firom Route 3 eastward into 

Dead Creek. The 18-inch line served Midwest Rubber and possfl̂ ly Darlmg Fertflizer. It 

handled both storm water and process water. It may have also carried sanitary and 

commercial waste to Dead CreeL 

Sometime between 1939 and 1943, the Vfllage took over mamteiumce and control of the 36-

inch culvert pipe. The Vfllage also installed Manhole 24 in the 24-inch sewer line at the north 

end of Dead Creek and ran the 36-iach culvert pipe mto this manhole. By connecting the 36-

inch pipe to the sewer system, the ppe could act as a conduit for water in the sectton of Dead 

Creek south of WGK to flow north into the sewer, and during times of overload on the sewer, 

the pipe would act as a conduit of sewer backflow into Dead Creek. At about this same time. 

Dead Creek was blocked at Judith Lane to function as a surge pond for the Vfllage of Sauget 

sewer system It can be assumed that this project, which m effect mcorporated Dead Creek 

into the Vfllage sewer system, was paid for, at least m part, by federal fimdmg received by the 

Vfllage for expansion of the sewer system because of war time industrial development. 

In 1935, the creek was dredged between Monsanto's plant and Queeny Avenue. Dredged 

material was deposited along the east bank. Such dredging may have occiured more than one 

time. 

In 1951, additional sewers along Mississippi Avenue were constructed. At this time, the 18-

inch overflow line firom Mississqpi Avenue was connected to the Vfllage sewer system so that 

normaUy only storm water would be discharged to Dead Creek. The industrial waste water 
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was discharged northward and stayed in the Village sewer system The 18-inch line was stiU 

able to act as an overflow, however, for the rest of the system 

Cerro's effluent discharged through eight ppes directiy into Dead Creek Segment A untfl 

1966 when an interceptor line along Dead Creek was constmcted for the purpose of 

discharging Cerro's waste water mto the Village sewer system. An mterceptor box was 

constructed during the Cerro sewer work. It was designed to aUow the overflow of waste 

water fix)m Manhole 24 to Dead Creek to continue. Even after the interceptor line was 

instaUed, it is possible that unidentified sewer discharges form Cerro entered the creek 

through the direct discharge pipes and through the Cerro connection to the ViUage sewer. 

The amount of sewer discharges firom area mdustries graduaUy decreased over the years. In 

1966, various mdustries started to inplement process changes that reduced the quanthy of 

waste water discharged into the sewer. After a 42-inch sewer was constructed by Monsanto 

in the 1980s, overflows into Dead Creek Iflcely occurred only during significant rainfaU events. 

After 1984, increased sewer capacity further reduced the frequency of overflows to Dead 

Creek. 

In addition to the 18-inch overflow line that ran fixim Mississippi Avenue east to Dead Creek 

Segment B, there were two sewer overflow lines that entered CS-A on the east side. These 

two overflow lines are in addition to the jimction box at the north end of the Creek. One 

outfaU was on the north end of CS-A. The other line ran west from the 8-inch north-south 

line along Queeny Avenue to Dead Creek. This line was basicaUy residential but could also 

have been a source of industrial discharges. 

Based on the above description of the history of the use of Dead Creek as part of the Sauget 

ViUage sewer system, it is evident that any industry discharging waste waters into the sewer is 

a suspect source of contammation in Dead Creek and Site I because of the disposal of dredged 

material from the creek onto Site I. 
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The foltowing descrpttons give addittonal information on the industrial discharges into the 

Village sewer system: 

Amax Zinc The waste water discharged from the plant contained zmc, copper, iron. 

mHrniiTm, magnesium, and PCBs. Waste water was directiy discharged into Dead Creek at 

least untfl 1932. and Hkely continued for some time after that. 

Chemical Warfare Service Spills and leaks at the plant were washed into the plant sewer 

which was connected to the Village sewer. Because of government confidentiaUty 

restricttons. it has been difficult to identify possible contaminants from this source. 

Cerro Copper Cerro's waste water was known to contain the foltowing contaminants: 

arsenic, cadmium, copper, nickel, zinc, antimony, beryUium. lead, sflver, chromium, ofl and 

grease, chloroform, l.l.l-triddoroethane, trichloroethene, methylene chloride, toluene, 

xylene, acetone, n^hthatene. and ftenanthrene. 

Dariing Fertilizer The waste water fiom the plant contained phosphorus and nitrogen. 

Edwin Cooper & Company (now Ethyl) Edwin Cooper and Conpany's discharges 

included acid and ofl. 

Midwest Rubber Midwest discharged waste directly into the creek through an effluent pipe 

into CS-B. Waste water would have contained pine tars, naphthalene, metals, PCBs and other 

waste ofl. In 1971, sanpling found mbber particles in the discharges as weU as zmc. During 

sanpling of waste waters of many Sauget area mdustries in 1971, it was found that Midwest's 

waste-water flow contained 9 parts per bflUon (ppb) PCBs. 
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EzzonMobO Prior to 1932, when the sewer was instaDed, Mobfl discharged directiy into 

Dead Creek. Waste water was discharged dafly into the Vfllage sewer system plant when the 

refinery was in operation up to 1970, then intermittently when the fuels terminal was in 

operation. The waste water was Iflcely a coihbination of petroleum process water after 

separation, cooling water and storm water. Mobfl's releases to the Village sewer ran down 

the "south trunk" which was the line tiiat ran directiy to the north of CS-A. A May 6, 1982 

USEPA memo states that Mobfl was one of many mdustries discharging wastes into Dead 

Ci«ek. Contaminants in Mobfl's waste water mcluded petroleum hydrocarbons, phenols, 

ammonia nitrogen, and PCBs. 

Monsanto From 1917 to 1997, the Monsanto ^^Diam G. Krummrich Plant in Sauget was 

engaged m the manufacture of various inorganic and organic chemicals mcluding adipic add, 

alkyltienzene, benzyl chloride, butyl benzyl chloride, caldum benzene sulfonate, caustic soda 

chlorine, chlorinated cyanuric acid, chlorophenols, monochloroacetic acid, 

monochlorobenzene, 2,4-D, fatty acid chloride, muriatic acid, nitric acid, 4-

nitrodiphenylamine, ortho-dichlorobenzene, ortho-nitrophenol, PCBs, para-dichlorobenzene, 

para-nitroaniline, para-nitrochlorobenzene, pentachlorophenol, phenol, phosphoric acid, 

phosphorous trichloride, phosphorus pentasulfide, potassium phenyl acetate, potash, 

Santoflex*, Santomerse*, Santolube* 393, sulfiiric acid, 2,4,5-tricresyl phosphate, and zinc 

chloride. The waste-water stream leaving the plant varied over the years, but may have 

contained the foUowing: nitric acid, sulfiiric acid, hydrochloric acid, chlorine, and chlorinated 

and nitrated aromatics. 

Rogers Cartage Rogers Cartage owned and operated a fleet of tanker tmcks. They hauled 

products for many conpanies in the Metropohtan St. Louis area. During Rogers operation in 

Area 1, it washed out tanker tmcks that had been used to transport product and some wastes 

for many of the industries in Sauget and the surrounding area. Tmcks were washed with 

caustic solution. Wash water was discharged to the ground and to the ViUage of Sauget 

sewer system. 

ROUX ASSOCIATES, INC. 2-32 Rev. 0 



Engineering Evaluation/Cost Analysis 
Remedial Investigation/Feasibility Study 

Sauget Area 1; Sauget and Cahokia, Illinois 

Docunaentatton in the field indiratrs that Rogers began using the sewer system in 1969. Rinse 

water was discharged into the Village sewer south trunk which then traveled to the sewer 

connection at the north end of Dead Creek. Also, there was a 12-inch sewer overflow line 

that was tocated at the Rogers Cartage property and discharged directiy mto Dead Creek 

Segnmt A near (Queeny Avenue. It was mstalled sometime before 1965. This line was 

instaUed to aUow relief of the northward traveling sewer line at times of heavy flow. Thus, 

this line would have caused truck washing waste water to discharge into Dead Creek. A 

Monsanto memo dated January 5, 1971 indicates that a significant quantity of PC3s in the 

Vfllage sewer probably came firom Roger's terminal 

The types of products Rogers hauled which were Ukely washed into the Vfllage sewer 

including Dead Creek were: ortho-nitrochlorobenzene, monochlorobenzene. ortho-

dichlorobenzene, sulfuric ackl, maleic anhydride, phosphorus oxychloride, Tberminol*, 

aDcylbenzene, muriatic acid, monochloroacetic acid, arodors, oleum, phosphorus oxychloride, 

phosphorus trichloride, phenol, petroleum and ofl additives, zinc sulphate solution, sulfiiric 

acid, phenol acetone, toluene, benzene, and xylene mixtures. 

Sauget & Company Sauget & Company operated a landffll at Site I for a number of years. 

The lEPA has reported that waste from Site I would routinely overflow and leach into Dead 

Creek. 

Steriing Steel Cooling water from electric fiimaces, conpressors and air conditioning was 

discharged mto the 24-inch sewer line at the north end of Dead Creek. PCB-containing 

materials were commonly used in casting faciUties for fire prevention. 

Waggoner Waggoner started operations on Site L in 1964. Waggoner owned/operated 

approxunately 23 stamless steel trucks and a couple of mbber-lined tmcks. They washed their 

tmcks at Site L and drained the tank washings into Dead Creek. In addition, floor drains from 

the bufldmg flowed directly into Dead Creek. In the June 14, 1965 meeting minutes for the 
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Monsanto Vfllage Plant Managers, the statement is made that Waggoner should be persuaded 

to cease dunpmg chemicals into Dead Creek. In an August 5, 1971 memorandum, the lEPA 

states that tanker trucks labeled as corrosive were apparently discharging their contents to 

Dead Creek near Queeny Avenue. The Agency notified the conpany of the discharge, and 

Waggoner responded that the discharges had been eliminated. After the lEPA required that 

discharges to CS-A cease, Waggoner excavated a pit which was used by Waggoner untfl 1974 

when the conpany was sold to Ruaa 

In 1973, the lEPA visited Waggoner and found that a hole had been excavated nearby into 

which the tanker tmck wash water discharged. Use of a second pit appears to have begun in 

1973. According to an lEPA memorandum drafted by Mr. Tim Murphy (1992 to USEPA), 

these pits were designed to overflow into Dead Creek. 

Ruan reportedly continued usmg the ph untfl 1978. The lEPA estimated that between 1971 

and 1978, 164,(X)0 gaUons of wash water were disposed in the pit. The pit was not lined and 

consisted of medium to coarse-grained sand. 

The foUowing materials were hauled by Waggoner and thus were likely washed into Dead 

Creek as rinsate firom the tmck washings: phosphorous trichloride, phosphorous oxychloride, 

biphenyl, arodors, pyranols, phenol aDcylbenzene, petroleum additives, chloryl acetyl 

chloride, muriatic acid, monochloroacetic acid, sulfuric acid, chlorosulfiiric acid, Santolube*, 

chlorosufonic acid, muriatic acid, sulfiiric acid, oleum, plasticizers, caustic metal cleaners, ofl 

additives, phosphoric acid, and Phostri (commercial name). 

2.3 Removal and Remedial Actions 

2.3.1 Creek Segment A Remedial Action 

This northernmost segment of creek originaUy consisted of two holding ponds which were 

periodicaUy dredged. On several occasions, CS-A was dredged and contaminated sediments 

were disposed onto adjacent Site I. Remediation work was conducted by Cerro Copper on 
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C:S-A in 1990 and 1991 imder an lEPA-approved plan. Approximately 27,500 tons of 

contaminated sedimmts were ranoved from depths of 10 to 15 fi^t below grade and 

transported to RCRA and TSCA pematted facflities (Waste Management LandfiU in EmeDe, 

Alabama). Subsequent to the instaUation of an HDPE vtpor barrier, CS-A was fiUed and 

covered with crushed gravel A portion of CS-A is now used for controUed-access truck 

parking. Land use surrounding CS-A is industrial Since Segment A was remediated imder an 

Agreement with the lEPA. no additional remedial or removal actions are planned. 

2.3.2 Creek Segment B Removal Action 

Creek Segnoent B. and Site G, were fisnced in 1988 pursuant to a USEPA CERCLA removal 

actton that was fimded by several potentiaDy responsible parties (PRPs) including Monsanto. 

2.3.3 Site G Removal Action 

The USEPA conducted a CERCLA removal action at Site G in 1995. This removal actton 

involved the excavatton of PCB, oiganics, metals and dtoxin inpacted soflis on and 

surrounding Site G; solidification of open ofl pits on the site; and covering part of the site with 

a clean sofl c ^ ^proximately 18 to 24-inches thick. Site G is vegetated, enclosed by a fence 

and is not currentiy bemg used. 

2.3.4 Dead Creek Culvert Replacement Removal Action 

The USEPA issued a UAO on June 21, 1999 requiring replacement of Dead Creek culverts to 

reduce the imminent threat that would result fix>m Dead Creek flooding. Solutia's response to 

the UAO was three-fold: 

1) Hydrauhc modehng of the watershed was performed to determine the effect of 

replacmg aU of the culverts on Dead Creek to current design standards. This 

modeling indicated that the potential for flooding would not be reduced if the 

culverts were replaced. Bank elevations in sonoe portions of the creek would stiU 

\3e lower than the 100-year flood level even if water could flow fireely firom 

upstream to downstream Even though culvert replacement woidd not prevent 
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flooding in the watershed, Solutia proposed replacing culverts at Cargfll Road and 

the Terminal Raflroad embankment because this action would produce the greatest 

reduction in flood elevations. Replacement of these culverts is conplete; 

2) Initiation of a request for UAO modification to deal directiy with the cause of the 

potential imminent threat dted in the June 21, 1999 UAO, i.e., the inpacted 

sediments m Dead Creek. Rather than modifying the original UAO, the Agency 

issued a UAO on May 31, 2000 requiring Solutia to remove sediments from Creek 

Segments B, C, D and E and transfer them to an on-Site containment ceU. The 

Tnne-Critical Removal Action Work Plan was submitted on June 30, 2000 as the 

first action required under the May 31, 2000 UAO. Command post constmction 

was conpleted in 2000. and instaUation of the sediment dewatering system was 

completed in January. 2001. 

3) Facihtation of studies and provision of assistance in obtaining pubhc fimding that 

would aUow the ViUage of Cahokia to address the flooding and water management 

problems in the Dead Creek watershed. PubUc funding of $300,000 was obtained 

for the ViUage of Cahokia to perform a flood study of Dead Creek. The ViUage is 

m the process of completnig the appUcations necessary for disbursement of these 

monies by the Illinois Department of Commerce and Community Affairs. 

2.3.5 CS-B, C, D, E and F Sedunent Removal Action 

As discussed above, the USEPA issued a UAO on May 31, 2000 for a Time-Critical Removal 

Action of sediments in Creek Segment B, C, D and E, to eliminate potential risks associated 

with flooding and to eUminate adverse ecological impact. As required by the USEPA, 

sediments in CS-F between Route 157 (Camp Jackson Road) and the Terminal Raflroad 

Association embankment were included in the sediment removal action. Specific requirements 

of the UAO are: 

• Preparation of a Time Critical Removal Action Work Plan; 
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Inplementation of the Removal Actton in accordance with the Work Plan to mitigate 

the threats posed by presence of contamination in Dead Creek Sediments and certain 

adjacent sofls and their potential migration via overflow and flood waters firom the 

Site; 

Removal of materials fiom CS-B (creek sediments, creek bed sofls and flood plain 

sofls); CS-C, D, E. and a portion of F (non-native creek sediments only); and Site M 

(pond sediments and pond bottom sofls) m Sauget Area 1, whfle mmnnizing adverse 

inpacts to area wetlands and habitat; 

Proper handUng, dewatering. treatment and placement of such materials in an on-Site 

C ôntamment CeU; 

A plan for management of Dead Creek storm water during inplementation of the 

UAO; 

Sanpling and analysis of areas where materials have been removed, for the puipose of 

defining remaining contanmatkm; 

Placement of membrane liner material over CS-B and in aU other excavated areas 

where, based on post-removal sanple results, such liner is determined to be necessary; 

and 

Design and construction of a containment ceU that wfll provide adequate protection to 

human health and the environment. 
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3.0 SUPPORT SAMPLING FLAN INVESTIGATION DESCRIPTION 

3.1 Fleld Investigation Snmniaiy and Approach 

The January 21. 1999 AOC Scope of Work identiiied the additional Site characterization data 

required to define and evaluate removal action altematives for the fiU areas and Dead Creek 

and remedial alternatives for ground water. A Field Sanpling Plan (FSP) was pirepared by 

O'Brien & Gere Engineers. Inc. (OBG), on behalf of Solutia Inc.. to inplement the SSP. The 

FSP was designed to achieve the objectives of the SSP and the AOC. OBG was also 

responsible for the inplementation of the FSP which commenced in September 1999 and was 

conpleted in April 20CX). Ecological sanpling was conpleted by Menzie-Cura & Associates, 

Inc. (Menzie-Cura) as described in die ERA Woik Plan (SSP, Volume IC). A Field Sanpling 

Report (FSR) was prepared by OBG at the conclusion of the field work, and a final version of 

this document was sutantted to the USEPA in September 2000. A separate Data Vahdation 

Repon (DVR) containing the results of data vahdation reviews conpleted by OBG was 

submitted to the USEPA in August 2000. 

An outline of the work conpleted in Area 1 is presented below: 

FiU Area Investigation 

Nonmeasurement Data Acquisition 

Boundary Delineation Trenches 

Sofl Gas Survey 

Waste Sanpling 

Magnetometer Survey 

Buried Drum and Tank Identification 

Ground-Water Investigation 

Ground-Water Sanphng 

FiU Area Ground-Water Sampling 

AUuvial Aquifer Sampling 

Downgradient AUuvial Aquifer Sampling 

AUuvial Aquifer/Bedrock Interface Sanphng 
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ShaUow Residential Area Ground-Water Sampling 

Time-Series Sanpling 

Domestic WeU SanpUng 

Upgradient Ground-Water Sanpling 

Ground-Water Flow Direction 

Aquifer Testing 

SoU Investigation 

Undeveloped Area Sofl Sanpling 

Developed Area Sofl Sanpling 

Background Sofl Sanpling 

Grain Size Analysis 

Sediment Sampling Investigation 

Industry-Specific Sediment Sanpling 

Undeveloped Creek Sediments (CS-B and CS-F) 

Developed Creek Sediments {CS-C, CS-D, and CS-E) 

Borrow Pit Lake 

Broad Scan Sediment Sanpling 

Dead Creek Segments, Borrow Pit Lake and Reference Areas 

SiteM 

Old Prairie duPont Creek 

Surface-Water Investigation 

Dead Creek 

Borrow Pit Lake and the Old Prairie duPont Creek 

Reference Areas 1 and 2 

SiteM 

Air SampUng 

Upwind Air Samples 

Downwind Air Sanples 
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Ecological AssessDDwnt 

Bentlnc Invertebrates 

Warm Water Fish Species 

Aquatic Birds 

Great Bhie Heron 

Mallard Duck 

Bald Eagle 

Aquatic Mammals 

River Otter 

Raccoon 

Muskrat 

Sofl Invertebrates 

Treatability Pilot Studies 

On-Site Tbennal Desoiption 

Off-Site Incineiatkin 

Leachate Treatabflity Testing 

(Quality assurance and quality control (QA/QC) sanples coUected during the sanpling 

programs generaUy consisted of the folio wmg: 

• One dupUcate per 10. or fraction of 10, environmental sanples coUected; 

• One matrix spflce/matrix spike duplicate (MS/MSD) per 20, or ft-action of 20, 

environmental sanples coUected or one MS/MSD every three working days, 

whichever was sooner; 

• One environmental blaidc (or field blank) per 10, or fraction of 10, enviroiunental 

sanples coUected unless dedicated or disposable sanpling equipment was used to 

coUect sanples; and 

• One trip blank per sanple cooler containing environmental sanples for VOC analysis. 
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A summary of chemical analyses conpleted as part of the SSP is provided on Table 3-1 at the 

end of this section Seven hundred forty-eight media sanples and 328 QA/QC sanples were 

coUected resulting in 6,635 chemical analyses. The subsections below summarize these data 

coUection activities. For more detailed information conceming the sanpling pnocedures, 

locations, and supporting documentation, refer to the FSR and the Menzie-Cura Ecological 

Risk Assessment Report submitted to the USEPA in January 2001. 

3.2 FiU Area Investigation 

Prior to performing any environmental sanpling at the fiU areas, several tasks were performed 

to ensure that the areas were adequately delineated. This work included viewing aerial 

photographs, performing elevation surveys at the sites, reviewing topographic maps, and 

installing boundary test trenches. Details and supporting information conceming these tasks 

are available in Volume 1 of the FSR in the Section tided Nonmeasurement Data Acquisition. 

The locations of the test trenches at Sites G, H, I, L, and N are shown on Figures 3-1 through 

3-5. After the FiU Areas were delineated, the foUowing investigations were performed: sofl 

gas survey, waste sanpling, magnetometer survey, and buried drum and tank identification. 

3.2.1 SoU Gas Survey 

A soil gas survey was conducted at Sites G, H, I, L, and N using a shaUow soil probe (five 

feet) and on-site analysis of coUected vapors for VOCs. Sofl gas sanples were coUected at an 

approximate frequency of one sample per acre. Each FiU Area was divided mto grids with 

200 feet by 200 feet spacings. Each sanple was coUected at the approximate center point of 

the grid cell using the foUowing grids: 

Site Grid Size Grid Spacing No. of Samples 
G 
H 
1 
L 
N 

400" X 600' 
400'x 800' 

400' X 1,200" 
200' X 200' 
300'X 300' 

200' X 200" 
200' X 200' 
200' X 200' 
200' X 200' 
200* X 200' 

6 
8 
12 
1 
2 

Total Number of Samples 29^ 
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When detectable concentratkins of VOCs were detected in the Ffll Area sofl gas sanples. the 

survey was extended beyond the grid boundaries. A total of 36 additional sofl gas sanples 

was collected perpendicular to the HU Area grid cells (see table below). Sofl gas sanples 

were coUected at 100-feet intervals (0, 100 and 200 feet from the edge of the grid ceU) along 

four 200-feet-k>ng transects; one transect perpendicular to each side of the grid ceU. 

Site No. of Transects 
2 
4 
3 
4 
0 

No. of Samples 
6 
10 
10 
10 
0 

G 
H 
I 
L 
N 

Total Number of Samples 36_ 

Sofl gas sanple locations are depicted in Figures 3-6 through 3-10 for the five individual sites. 

The field logs, notes, and gnphs that were developed during the sofl gas survey program are 

provided in the FSR (Volume 1). 

3.2.2 Waste Sampling 

The foUowing tasks were peifonned to characterize the fiU material within the fiU areas: 

• Five sofl borings were advanced at each of Sites G, H, I, L, and N using conventional 

hoUow-stem auger driUing methods. 

• Continuous sofl samples were coUected from the ground surface to approximately two 

feet below the bottom of the fiU material in four of the five borings per site. These 

borings are referred to as "sanple borings" in this document and in the FSR. 

• In one of five sofl borings per site, native soU below the fiU material was field screened 

for VOCs usmg a photoionization detector (PED). This screening was conducted to a 

depth of 10 to 15 feet below the fiU material. These borings are referred to as "screen 

borings" in this document and in the FSR. 

• A discrete surface sofl sanple, from 0 to 0.5 feet, was coUected at the four "sample 

boring" locations for each of Sites G, H, I, L, and N prior to instaUation of the 
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borings. The surface sofl sanple analyses are used to characterize present site 

conditions and conplete the HHRA and the ERA for this project. 

• One conposite waste sanple was coUected at each "sanple boring" location (except 

at location B2 on Site H) and analyzed for waste characteristics. Visual observations 

(discoloration, presence of foreign objects, etc.) and PID readings were used to 

identify whether waste was present in a continuous boring sanple. 

A copy of the boring logs, field notes, color digital photographs, and more detafled 

descriptions of work performed in the field are presented in the FSR (Volume 1, Section 3.3). 

3.2.3 Magnetometer Survey 

Magnetometer surveys were conducted at Sites G, H, I, L, and N to identify anomahes 

indicative of drum disposal or buried tanks. The foUowing tasks were performed: 

• Magnetometer measurements were made at locations determined by superinposing an 

approximate 50-feet by 50-feet grid on the FiU Areas. The magnetometer survey was 

conducted with a Geometries 856 Total Field Magnetometer. Operation of equipment 

and calibration of instruments were in accordance with the manufacturer's 

recommended field procedure and apphcation manual. 

• Magnetometer measurement points were located in the field using known points such 

as buUdings, roads, or other fixed features or by using Global Positioning System 

(GPS). 

The total number of measurements completed per Site is presented below: 

Site Measurements 
G 77 
H 106 
1 255 
L 19 
N 86 

Total Number of Measurements 543 
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After the surveys were completed, maps were developed which showed the distribution of 

magnetic field strength over the five sites. These m ^ s were compared with the observed field 

conditions (mcluding the location of known mterfering objects such as vehicles, oveihead 

power lines, and surface debris). By conparison, those magnetic anomalies which could not 

be explained by observed site conditions were presumed to be the result of buried metaUic 

subsurfitce material (drums, tanks, debris, etc.). These data were used to strategicaUy place 

the test confiimation trenches discussed in the next section. 

For additional infonnation peitainmg to the magnetometer survey, equipment used, and 

procedures, refer to the FSR (Volume 1, Section 3.4). 

3.2.4 Buried Drum and Tank Identification 

To evaluate whether the anomalies detected during the magnetometer survey are associated 

with buried drums or tanks, test trenches were dug at anomalies that coincided with the 

foUowing findings: 

• Elevated ground-water concentrations as identified by the 1998 E&E Data Report; 

• VOC detections firom the sofl gas survey; 

• Magnetic anomahes identified by the 1988 E&E geophysical survey; and 

• Areas of drum or tank disposal identified during historical aerial photograph analysis 

of Ffll Area boundaries. 

One test trench each was excavated at Sites G, H, L, and N. Two test trenches were 

excavated at Site I. The test trenching was conducted as descril)ed below: 

• Test trenches were advanced untfl evidence as to the source of the anomaly was 

located. 

• Spofls firom the trenching operation were placed on polyethylene sheeting, and the 

stockpfle was sloped to aUow any excavated Uquids to drain back to the trench 

• At the conpletion of the excavation, the spoils were retumed to the excavation and 

the site was restored. 
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For additional infonnation pertaining to the trenching operation and copies of field logs, 

records, and color digital photographs, refer to the FSR (Vohime 1, Section 3.5). 

3.3 Ground-Water Investigation 

The ground-water investigation conducted at the Site included ground-water sanplmg, time 

series analyses, and aquifer (slug) testing. Ground-water samples were coUected from three 

different zones in the aUuvial aquifer, the aUuvial aquifer/bedrock interface, and domestic wells 

in the Area 1 vicinity. These activities are described in the foUowing subsections. Details and 

supporting information conceming monitor weU installations that were conducted during the 

ground-water investigation are included in Vohune 1 of the FSR. 

3.3.1 Ground-Water Sampling 

Ground water was sanpled from existing monitor wells, newly instaUed monitor weUs, and 

domestic weUs in the Sauget Area 1 vicinity. Furthermore, other ground-water sanples were 

coUected via push sanphng technology usmg Geoprobe® and Hydropunch® equipment. The 

areas where ground-water sanples were coUected included the FiU Areas, the aUuvial aquifer, 

the aUuvial aquifer/bedrock interface, residential areas, and upgradient locations. The 

procedures that were foUowed and corresponding documentation penaining to the ground­

water sanpling are provided in the FSR (Volumes 1, 2, 3, and 4). The foUowing is a 

summary of the work that was performed in each area and a hst of the weUs that were 

sanpled. 

3.3.1.1 Fill Area Ground-Water Sampling 

Ground-water concentrations at the FiU Areas were evaluated by performing the foUowing 

tasks: 

• Sanpled the existing weUs instaUed by E&E. These weUs were EE-01 through EE-05. 

EE-12 tiirough EE-15. EE-20, andEEG-101 tiirough EEG-112. 

• CoUected shaUow background ground-water samples from wells EE-04, EE-20, and 

EEG-108. Each of these wells were located, checked for the presence of non-aqueous 
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phase liquids (NAPLs), plumbed for depth and matched against construction records, 

redeveloped to remove accumulated fine-grained materials and promote ground water 

entry into the well, and sampled to provide data on cuirent ground-water conditions at 

the fiU areas. 

A summary of the wells sanpled and the corresponding fiU areas that the sanples were 

coUected for is provided below: 

Fin Area or 
Site Background Well 

Screen Depth 
(Feet Bdow Ground Surface) 

EE-05 
EEG-101 
EEG-102 
EEG-104 
EEG-106 
EEG-107 
EEG-111 
EEG-112 

18-23 
18-23 
16.5-21.5 
19-24 
18-23 
23-28 
No Constmction Log 
21-26 

H EE-01 
EE-02** 
EE-03 
EEG-110 
EE-04*** 

28-33 
18-23 
27-32 
18-23 
18-23 

EE-12* 
EE-13* 
EE-14** 
EE-15* 
EE-20*** 

WeU no longer exists 
WeU exists, but can not be sanpled 
ShaUow ground-water background weU 

28-33 
23-29 
32.5-37.5 
24-29 
23-28 

L EEG-103** 
EEG-105* 
EEG-109 
EEG-108*** 

16.5-21.5 
No Constmction Log 
17.5-22.5 
24-29 
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Nineteen ground-water sanples were coUected fiom the weUs and locations described above. 

For wells that no longer exist or could not be sanpled, sanples were coUected by advancing a 

geoprobe and obtaining a ground-water sanple fiom the same depth interval. Each of the 

sanples was analyzed for the foUowing constituents: cyanide, dioxins, herbicides, mercury, 

metals, PCBs, pesticides, SVOCs, and VOCs. 

A discussion of the field procedures that were used whfle coUecting these sanples is provided 

in Section 3.7.3 of the FSR (Vohime 1) which also contains aU of the correspondmg 

documentation (chain-of-custody forms, logs, meeting records, etc.). 

3.3.1.2 Alluvial Aquifer Sampling 

One aUuvial aquifer saturated-thickness sanpling station was located within the shaUow 

ground-water high concentration plume estimated by E&E at Site H and at Site I. Ground­

water sanples were coUected within these plumes in order to evaluate the extent of organic 

and morganic constituents underlying Sites H and I. 

Telescoping surface casing was instaUed to approximate depths of five feet and 20 feet below 

the fiU material at each site in order to minknize carry-down of Site-related constituents during 

ground-water sample coUection. The casing was grouted from the bottom up after 

completion of sanpling. 

Ground-water sanples were coUected every 10 feet from the bottom of the surface casing to 

bedrock, which were approximately 48 and 104 feet below existing grade, respectively, at Site 

I and approximately 44 and 105 feet below existing grade, respectively, at Site H. 

Eleven ground-water sanples were coUected. These sanples were analyzed in an off-Site 

laboratory for the foUowing constituents: cyanide, dioxins, herbicides, mercury, metals, PCBs, 

pesticides, SVOCs, and VOCs. 
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FOr discussion of the field procedures that were foUowed during sanple coUection and 

documentation related to the alluvial aquifer ground-water sanphng, refer to Section 3.8 

(VohuK2)oftiieFSR. 

3.3.1J Downgradient Alluvial Aquifer Sampling 

The ground-water quahty downgradient of the fiU areas was investigated by coUecting 

ground-water sanples along transects downgradient and to the southwest of Sites G and I. A 

summary of this sanpling program is provided in the foUowing paragraphs. 

Downgradient of Site G 

• The horizontal and vertical extmt of organic and inorganic constituents downgradient 

firom Site G and toward the Mississppi River were evaluated by collecting sanples at 

three sanpling stations bcated abng a transect between the maximum shaUow 

ground-water concentrations at Site G and lUtnois Route 3. 

• Ground-water samples were collected eveiy 10 feet from the water table to bedrock 

using push sanpling technologies as mentioned in the previous section. 

Thirty-one ground-water samples were collected. These sanples were analyzed in an off-Site 

laboratory for the foUowing constituents: cyanide, herbicides, mercury, metals, PCBs, 

pesticides, SVOCs, and VOCs. 

Downgradient of Site I 

• The horizontal and vertical extent of organic and inorganic constituents downgradient 

from Site I and toward the Mississippi River were evaluated by coUecting samples at 

three sanpling stations located along a transect between the maximum shaUow 

ground-water concentrations at Site 1 and Illinois Route 3. 

• Ground-water sanples were coUected every 10 feet from the water table to bedrock. 
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Twenty-eight ground-water sanples were coUected. These sanples were analyzed in an off-

She laboratory for the foUowing constiments: cyanide, herbicides, mercury, metals, PCBs, 

pesticides, SVOCs, and VOCs. 

Areas Southwest of Sites G and I 

• The horizontal and vertical extent of organic and inorganic constituents cross-gradient 

from these sites in a southwesterly direction were evaluated by coUecting sanples at 

three sanpling stations located along a transect between the maximum shaUow 

ground-water concentrations at Site G and Judith Lane. 

• Ground-water sanples were coUected every 10 feet fiom the water table to bedrock. 

Thirty sanples were coUected and analyzed in an off-Site laboratory for the foUowing 

constituents: cyanide, herbicides, mercury, metals, PCBs, pesticides, SVOCs, and VOCs. 

The presence or absence of dioxin in ground water downgradient from Sites G and I was 

evaluated by analyzing samples from the deep, middle, and shaUow hydrogeologic units of the 

aUuvial aquifer at each of the three sanpling stations downgradient of Site G; each of the 

three sanpling stations downgradient of Site I; and each of the three sanpling stations 

southwest of Sites G and I. Twenty-seven ground-water sanples was coUected and analyzed 

for dioxins via USEPA Method 8290. Samples were coUected concurrently with the other 

downgradient sanples described above. 

For discussion of the field procedures that were foUowed during sample collection and 

documentation related to the downgradient aUuvial aquifer ground-water sampling, refer to 

Section 3.9 (Volume 2) of the FSR. 

3.3.1.4 AUuvial Aquifer/Bedrock Interface Sampling 

To evaluate the vertical extent of organic and inorganic constituents at the alluvial 

aquifer/bedrock interface, the foUowing tasks were performed: 
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• Three weDs were installed in the upper portion of the bedrock at the aUuvial 

aquifer/bedrock interface at Skes G, H, and I. 

• Locations for the weQs weie based on the shaUow ground-water high concentration 

plume estimated by E&E. Telescoping surface casings were instaUed in order to 

miniTniŷ . cany-dowu of Site-related constituents during weU instaUation and to 

prevent vertical migration of Site-related constituents after conpletion. 

• Bedrock was cored to a depth of 20 feet below the telescoping casing. Cores were 

digitaUy photogr^hed in color against a scale and evaluated for porosity by 

examination in petrognphic thin sections. A ground-water sanple was coUected from 

each core hole. 

Three ground-water sanples were collected. These sanples were analyzed m an off-Site 

laboratory for the foUowing constituents: cyanide, dioxins, herbicides, mercury, metals, PCBs, 

pesticides, SVOCs, and VOCs. 

For discussion of the field procedures that were foUowed during sample coUection and 

documentation related to the ground-water sanphng of the aUuvial aquifer/bedrock interface, 

refer to Section 3.10 (Volume 2) of the FSR. 

3.3.1.5 Domestic WeU SampUng 

Ground-water sanples were coUected fiom four non-potable use domestic wells on Judith 

Lane that could be used for irrigation purposes. Non-potable use domestic weUs were stuipled 

from the residences at 100 Judith Lane, 102 Judith Lane, 104 Judith Lane, and 109 Judith 

Lane. These sanples were analyzed m an off-Site laboratory for the foUowing constituents: 

cyanide, dioxins, herbicides, mercury, metals, PCBs, pesticides, SVOCs, and VOCs. 

For discussion of the field procedures that were foUowed during sample coUection and 

documentation related to the domestic wcU sanphng, refer to Section 3.13 (Volume 3) of the 

FSR. 
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3.3.1.6 ShaDow Residential Area Ground-Water Sampling 

The foUowmg tasks were performed to evaluate if Site-related constiments are present 

between Dead Creek and the non-potable use domestic wells described in the j)revious 

section: 

• ShaUow ground-water sanples were coUected at two sanpling stations; one located 

at the end of Walnut Street, and the other located on the east bank of Dead Creek at 

Judith Lane. 

• Ground-water sanples at each of the two locations were coUected at the water table 

(approximately 15 feet below the ground surface) and at depths of 20 and 40 feet 

below ground surface which bracket the typical completion depths of domestic wells in 

Southern Dlinois. 

Six ground-water sanples were coUected. These sanples were analyzed in an off-Site 

laboratory for the foUowing constituents: cyanide, dioxins, herbicides, mercury, metals, PCBs, 

pesticides, SVOCs, and VOCs. 

For discussion of the field procedures that were foUowed during sanple coUection and 

documentation related to the shaUow residential area ground-water sanphng, refer to Section 

3.11 (Volume 3) of the FSR. 

3.3.1.7 Time-Series SampUng 

After coUection and analysis of the shaUow ground-water, vertical-profUe sanples at Wakiut 

Street and Judith Lane (previous section), one MicroWeU* was instaUed at each sampling 

station with its screened interval in the zone of highest detected constituent concentrations 

(approximately 40 feet below ground surface). These weUs were continuously pumped and 

sanples were coUected. Time-series sanples were coUected at approximately 0, 12, and 24 

hours after the start of pumping in order to stress the saturated zone during sanpling and 

evaluate constituent concentration trends. 
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Six ground-water sanples were collected, These sanples were analyzed in an off-Site 

laboratory for the foUowing constituents: cyanide, dioxins. herbicides, mercury, metals, PCBs, 

pesticides, SVOCs, and VOCs. 

For discussion of the field procedures that were foUowed during sanple coUection and 

documentation related to the time series ground-water sanpling, refer to Section 3.12 

(Volunne3)oftiieFSR. 

3.3.1.8 Upgradient Ground-Water Sampling 

Existing weUs EE-20. EE-04, and EBG-108 were used as backgroimd (upgradient) ground­

water sanphng locations. These weUs, which are screened at depths of 23 to 28 feet. 18 to 23 

feet, and 24 to 29 feet respectively, were redeveloped using the procedures stated in the FSR 

(Section 3.16). In addition, ground-water sanples were coUected at depths of 60 and 100 feet 

l)elow grade surface at each of these locations using push sanphng technology (Geoprobe®) 

and low-flow sanpling techniques. A sanpling depth of 60 feet is approximately the midpoint 

between the screened interval of the existing shaUow weUs and the bottom of the aquifer, 

which was anticipated to be approximately 100 feet deep. At one of the prop>osed sanpling 

locations, access permission could not be obtained from the propeny owner, and a substitute 

location was selected (EE-04-SUB). 

Nine ground-water sanples were collected. These sanples were analyzed in an off-Site 

laboratory for the foUowing constituents: cyanide, dioxms, herbicides, mercury, metals, PCBs, 

pesticides, SVOCs, and VOCs. 

For discussion of the field procedures that were foUowed during sanple coUection and 

documentation related to the sanpling of upgradient ground-water weUs, refer to Section 3.16 

(Volume 4) of tiie FSR. 
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3.3.2 Ground-Water Flow Direction 

Ground-water flow direction in Area 1 was evaluated by installing nine piezometer clusters. 

Each cluster contained three smaU-diameter piezometers screened in the shaUow 

hydrogeologic unit (0-30 feet deep), middle hydrogeologic unit (30-70 feet deep), and the 

deep hydrogeologic unit (greater than 70 feet deep). Each of these wells was gauged 

quarterly to determme the potentiometric surface in each zone. 

3.3.3 Aquifer Testing 

Shig tests were performed to determine the hydrauhc coefficients for the aquifer system at 

Area 1. The procedures for perfoimmg these tests are described in the SSP. The puipose for 

conductmg slug tests was to coUect data to aid in evaluating ground-water transport 

characteristics and possible remedial altematives. 

To conduct the slug tests, three two-mch-diameter, stainless-steel piezometers were mstaUed 

adjacent to each fiU area (Sites G, H, I, L, and N). The three weUs in each area were screened 

in the shaUow, middle, and deep hydrogeologic units. Fifteen slug tests were performed (five 

tests in each of the three zones). The data coUected during these tests were recorded with a 

Hermit® Data logger. The data were subsequently plotted on a semi-log plot and analyzed 

using the Bouwer-Rice method (for unconfined aquifers). 

For a description of the procedures that were foUowed during the aquifer testing program and 

for supponing documentation, refer to Section 3.14 of the FSR (Volume 3). 

3.4 Soil Investigation 

Soils samples were coUected in both undeveloped and developed areas that are susceptible to 

flooding and deposition of wind-blown dust. Floodplain sofl sanpling was conducted in an 

area bounded by Queeny Avenue on the north. Falling Springs Road on the east, lUinois 

Route 157 (Camp Jackson Road) on the south, and Illinois Route 3 (Mississippi Avenue) on 

the west. This area is where storm water backs up at road crossings during heavy rams and 
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where PCBs are known to occur in oeek sediments. This area also inchided most of the 

residential developnent in Sauget Area 1. 

Information firom the sofl samplipg program is used to evaluate the extent of migration due to 

overbank flooding and wind-blown dust deposition. In addition, surface and subsurface sofl 

infonnation are used in the HHRA and the ERA. 

3.4.1 Undeveloped Area Sml Sampling 

Floodplain sofl sanples were collected at evenly spaced intervals up to 200 feet on seven 

transects m the undeveloped areas, for a total of 45 sanpling stations. Surface (0 to 0.5 feet 

below groimd surface) and subsuiface (three to six feet) samples were coUected to evaluate 

the extent of migration via surface water (overbank flow) and air (wind blown dust) pathways. 

The surface and subsurface sofls were analyzed for two different sets of parameters as 

discussed below. Sanpling transects were placed in undeveloped areas adjacent to developed 

areas (Section 3.4.2) to allow ready access for sanphng. The transect number versus the 

number of sanphng stations and number of sofl sanples coUected in the undeveloped areas 

are provided in the table below: 

Transect 
Number of 
Sampling Stations 

7 
6 
7 
7 
6 
5 
7 

45 

Number of 
Surface and subsurface Samples 

7 
6 
7 
7 
6 
5 
7 

45 

1 
2 
3 
4 
5 
6 
7 
Total 
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The sofl sanples coUected at the surface were analyzed for the foUowing parameters: bulk 

density, cyanide, herbicides, mercury, metals, moisture content, PCBs, pesticides, pH, specific 

gravity, SVOCs, and VOCs. The sofl sanples coUected in the subsurface were analyzed for 

cyanide, herbicides, merciuy, metals, PCBs, pesticides, SVOCs, and VOCs. 

Twenty percent of the surface sofl sanples were also analyzed for dioxins to provide data for 

the HHRA and the ERA. The total number of sofl sanples coUected for dioxin analysis was 

18 (nine surface sofl sanples, and nine subsurface sofl sanples). For more information 

pertaining to the procedures that were foUowed during sanple coUection, refer to Section 

3.17 of tiie FSR (Volume 4). 

3.4.2 Developed Area Soil Sampling 

Surface and subsurface sofl sanples were coUected at 20 locations adjacent to the seven 

transects identified in Section 3.4.1. Three sofl sanples (both surface and subsurface) were 

coUected at residences adjacent to transects 1 through 6, and two sofl sanples (both surface 

and subsurface) were coUected adjacent to transect 7. Visual observation (discoloration) and 

field PID readings were recorded for the sanples. 

The soil samples coUected at the surface were analyzed for the foUowing parameters: bulk 

density, cyanide, herbicides, mercury, metals, moisture content, PCBs, pesticides, pH, specific 

gravity, SVOCs, and VOCs. The sofl sanples coUected in the subsurface were analyzed for 

cyanide, herbicides, mercurj', metals, PCBs, pesticides, SVOCs, and VOCs. 

One hundred percent of the surface soU sanples and 20% of the subsurface sofl samples were 

also analyzed for dioxin to provide data for the HHRA and ERA. The total number of soil 

samples that were coUected for dioxin analysis was 24 (20 surface sanples, and four 

subsurface sanples). For more information pertaining to the procedures that were foUowed 

during sanple coUection, refer to Section 3.18 of the FSR (Volume 4). 
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3.4.3 Background SoU Samplioc 

Background sofl sanples were collected near the locations of the wells that were sanpled for 

ground-water background (upgradient) data These wells are identified as wells EE-20, EE-

04, and EEG-108, and are located on the east sides of Sites I, H, and L, respectively. 

Background sofl sanples were collected firom depths of 0 to 0.5 feet and three to six feet 

below ground surface at the three locations. Thus, six total sanples were coUected and were 

analyzed for the foUowing parameters: cyanide, herbicides, mercuiy, metals. PCBs, dioxins, 

pesticides, SVOCs, and VOC^ In addition, surface sofl sanples were analyzed for bulk 

density, moisture content, pH and qiedfic gravity. For more information pertaming to the 

procedures that were foUowed duriitg sanple coUection, refer to Section 3.19 of the FSR 

(Volume 4). 

3.4.4 Grain-Size Analysis 

One sofl probe or boring was conpleted adjacent to each fiU area (Sites G, H, I, L, and N) to 

identfly the gram size of the aquifer matrix. Sofl sanples were coUected fiom the upper, 

intermediate, and lower aquifer zones via Geoprobe® or other suitable push technology 

except at Site N. Sanples were collected using a hoUow-stem auger and spUt spoon 

apparatus adjacent to Site N as described in the FSR (Section 3.15.4.1). No QA/QC sanples 

were coUected since grain size analysis is a physical test. For more information conceming the 

field procedures that were foUowed and supporting documentation, refer to Section 3.15 of 

the FSR (Volume 4). 

3.5 Sediment Sampling Investigation 

VerticaUy-integrated sediment core sanples were coUected in each segment of Dead Creek 

that runs through Area 1 (except CS-A, see section 2.3.1.) plus three additional contiguous 

areas (Site M, Borrow Pit Lake, and Old Prairie duPont Creek). These sanples were 

coUected to evaluate the downstream extent of Site- and industry-specific constituents and to 

provide information for use in the HHRA and the ERA. The sediment sanples were analyzed 

for two separate sets of parameters - industry-specific constituents and broad-scan 
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constituents. The industry-specific constituents were analyzed to evaluate the distributio. 

constituents related to industrial sources located at the upstream end of Dead Creek. 1 : 

broad-scan constiments were analyzed to evaluate the downstream extent of target conpounc 

list/target analyte list (TCL/TAL) constituents. The foUowfaig subsections provide 

overview of the sanpling efforts. 

3.5.1 Industry-Specific Sediment Sampling 

The foUowing section pertains to the sednnent sanples that were coUected m Area 1 for i '. 

puipose of industry-specific analyses. This section provides a brief descrption of the 

sanpling procedures and is divided into the different areas along Dead Creek where mdust -

specific sanples were coUected for analysis (undeveloped segments, developed segments, and 

Borrow Ph Lake). Sediment sanples coUected for the purpose of broad-scan constitui t 

analyses are discussed in Section 3.5.2. 

The industry-specific constituent parameter list is provided below: 

Copper USEPA Metfiod 7211 " 

Grain Size ASTM D 422 

PCBs USEPA Method 680 ~ 

Sohds Content USEPA Metiiod SM2540G 

TOC USEPA Method 9060 "̂  

TPH USEPA Method 8015B 

Zinc USEPA Method 7951 ~ 

3.5.1.1 Undeveloped Creek Segments (CS-B and CS-F) 

In the undeveloped areas of Dead Creek (CS-B and CS-F), venicaUy integrated sediment cc ; 

samples were coUected as foUows: 

• Samples were coUected at approximately 200-feet intervals (thus, one sanpling stati i 

per 200 linear feet). 
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• Sanples were collected in dqiositional areas at the thickest sediment proffle foUowing 

the procedures outlined in the FSR. The channel (or creek) cross section was 

surveyed at each sanpling station, and sediment depth was measured at three locations 

perpendicular to the channel (cbaonel center, halfway between channel center and right 

channel edge, and halfway between channel center and left channel edge). 

• Sanples were collected at 50 sanple stations that were previously selected by Solutia 

and USEPA representatives. 

• Each sanple was analyzed for industry-specific constituents which were: copper, 

PCBs, total organic caibon (TOC), total petroleum hydrocarbons (TPH), and zmc. 

Grain size distribution and solids content analyses were also perfoimed on the sanples. 

3.5.1.2 Developed Creek Segments (CS-C, CS-D and CS-E) 

In the developed areas of Dead Creek {CS-C, CS-D, and CS-E), verticaUy integrated sedunent 

core samples were coUected as follows: 

• Sanples were collected at approximately 150-feet intervals (thus, one sanpling station 

per 150 linear feet). 

• Sanples were coUected in depositional areas at the thickest sediment proffle and 

surveyed using the same procedure described above for the undeveloped segments. 

• Samples were coUected at 47 sanple stations that were previously selected by Solutia 

and USEPA representatives. 

• Each sanple was analyzed for industry-specific constituents which were: copper, 

PCBs, TOC, TPH, and zinc. Grain size distribution and sohds content analyses were 

also performed on the samples. 

3.5.1.3 Borrow Pit Lake 

Sediment sanples were coUected and analyzed in the Borrow Pit Lake as described below: 

• Samples were coUected at eight sanpling stations on a 400-feet sanpling interval. 
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• Sediment sanples were coUected using the same equipment and procedures as outlined in 

Section 3.20 of the FSR; however, cross-sections and sediment depth measurements were 

not performed in the Borrow Pit Lake. 

• Eight sanples were analyzed for the presence of industry-specific parameters mcluding: 

copper, PCBs, TOC, TPH, and zinc. Grain size distribution and sohds content analyses 

were also performed on the sanples. 

3.5.2 Broad-Scan Sediment Sampling 

The foUowing subsections pertain to the sediment sanples that were coUected for the purpose 

of broad-scan analyses. The broad-scan analyses were conpleted to evaluate the extent of 

TCL/TAL constituents and to support the HHRA and the ERA. The areas where sediment 

sanples were coUected included the undeveloped Creek Segments, developed Creek 

Segments, Borrow Pit Lake, Site M, Old Prairie duPont Creek, and two reference locations. 

The broad-scan parameter list is provided below: 

Cyanide 

Dioxins 

Grain Size 

Herbicides 

Mercurj' 

Metals 

PCBs 

Pesticides 

Sohds Content 

SVOCs 

VOCs 

TOC 

USEPA Metiiod 9010B 

USEPA Metiiod 8290 

ASTM D 422 

USEPA Metiiod 8151A 

USEPA Metiiod 7471A 

USEPA Metiiod 6010B 

USEPA Metiiod 680 

USEPA Method 8081A 

USEPA Metiiod SM2540G 

USEPA Metiiod 8270C 

USEPA Metiiod 5035/8260B 

USEPA Metiiod 9060 
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3.5.2.1 Dead Creek Segments, Borrow Pit Lake and Reference Areas 

In sipport of the Ecobgical Assessment Sanphng Plan, as described m the SSP. sediment 

sanples were coUected at the areas identified below: 

• Creek Segment B - three Minplmg stations 

• Site M - one sampling station 

• Creek Segment C - three sanphng stations 

• Creek Segment D - three sanpling stations 

• Creek Segment E - three sanpliag stations 

• Creek Segment F - three sampting stations (between Route 157 and Borrow I*it Lake) 

• Borrow Pit Lake - three «*ttipKng stations 

• Reference Area 1 - two sanphng stations 

• Reference Area 2 - two sanpling stations 

These locations were selected by Menzie-Cura because they were physicaUy conparable to 

those in the Dead Creek watershed (in order to provide a basis for conparison with Dead 

Creek and Borrow Pit Lake) and because they were located away from the direct influence of 

industrial discharges, including major highways. The sediment sanples coUected for the 

Ecological Assessment were also collected to evaluate the extent of downstream migration of 

TCL/TAL constiments. These broad-scan analyses are intended to jjrovide information for 

botii the HHRA and ERA. 

The procedures for coUecting these sanples were different than the procedure described in 

Section 3.2. These sanples were coUected using an Ekman grab sampler or by using 

stainless-steel trowels and spoons. For more information conceming these sanpling 

procedures, refer to the Menzie-Cura Ecological Risk Assessment report. 
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3.5.2.2 SiteM 

Site M was characterized by coUecting four verticaUy-integrated sediment sanples using the 

procedures described in Section 3.2. TCLP analyses were performed for dioxins, herbicides, 

mercuiy, nctals, pesticides, SVOCs, and VOCs (per USEPA Method 5035). Analyses were 

also perfoimed to determme total cyanide, TOC and total PCBs. 

3.5.2.3 Old Prairie duPont Creek 

To evaluate the inpact of the Dead Creek dischai;ge on sediment quahty in Old Prairie duPont 

Creek, one sanple was coUected upstream and one sanple was coUected downstream of the 

confluence of Dead Creek and Old Prairie duPont Creek. These sanples were coUected via 

the procedures described in the FSR, except an additional VOC sanple was coUected usmg 

EnCore® sanplers per USEPA Method 5035. The location of the upstream sample in Old 

Prairie duPont Creek was coUected at an appropriate distance from the confluence with Dead 

Creek so that possfljle previous effects of flooding and flow reversals would not affect the 

coUection of the background sanple. As reported in the 1996 Hazard Ranking System (HRS) 

package prepared by PRC Environmental Management, Inc. for USEPA Region V, a 

background sanpling station was located 200 feet north (upstream) of the confluence of Dead 

Creek and Old Preurie duPont Creek. The sediment background sample was coUected at this 

approximate location. 

Sanples were coUected in depositional areas at the thickest sediment proffle. Channel cross-

sections were surveyed at each sanphng station, and sediment depth was measured at three 

locations perpendicular to the channel (channel center, halfway between channel center and 

right channel edge, and halfway between channel center and left channel edge). Two 

sarrpUng stations were identified. The sanples were analyzed for cyanide, dioxms, herbicides, 

mercury, metals, PCBs, pesticides, SVOCs, TOC, and VOCs (per USEPA Method 5035). 
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3.6 Surfiace-Water Investigation 

Surface-water sanples were collected to evaluate the downstream extent of Site-related 

constituents and to provide infonnation for use in the HHRA and the ERA. Surface-water 

sanples were co-located with broad-scan sediment sanples (Old Prahie duPont Creek 

sedinoent sanples and Dead Creek ecological sediment sanples). The surface-water sanples 

were coUected m the foUowmg manner: 

• Surface-water sanples were collected at the approximate upper, middle, and kiwer 

sections of each segment of Dead Creek to evaluate the downstream extent of Site-

related constituents. 

• Two surface-water sanples were coUected in Borrow Pit Lake upstream of the 

discharge of Dead Creek to assess the effect of backwater conditions and/or the 

contributkins of other sources. One sanple was coUected upstream and one sanple 

was coUected downstream of the confluence of Dead Creek and Old Prairie duPont 

Creek. 

• Two surface-water sanples were coUected at two sanpling stations located at 

Reference Areas 1 and 2. AdditionaUy, one sanpling station was selected at Site M. 

• Surface-water sanples were collected at an approximate depth of 60 percent of the 

creek water column (measured from the top of the water column). 

• Twenty surface-water sanples were coUected. Each sample was analyzed m an off-

Site laboratory for the presence of the foUowing constituents: cyanide, dioxins, 

fluoride, hardness, herbicides, mercury, metals, ortho-phosphate, PCBs, pesticides, 

pH, SVOCs, total dissolved solids (TDS), total phosphorous, total suspended sohds 

(TSS), and VOCs. 

For discussion of the field procedures that were foUowed during sanple coUection and 

documentation related to the surface-water sanphng, refer to Section 3.21 (Volume 5) of the 

FSR. 
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3.7 Air Sampling 

Ambient ah sanple coUection was performed to measure airbome levels of VOCs, SVOCs, 

PCBs, dioxin, and metals that may be emanating fix)m the Site. An air sanple coUection and 

analytical test method was selected to measure airbome constituent levels over a 24-hour time 

period. A 24-liour sanple duration was required to average the ak emission differences that 

may occur from the daytnne to nighttime cycle fixim on-Site and off-Site conditions and 

activities. Also, air sanple coUection locations were positioned at the Site to collect upwind 

and downwind sanples for differentiation of constituents originating fix)m the surrounding 

area and those originating from the Site. 

Volatile Organics - Twenty-four-hour cumulative duration sorbent tube sanples were 

coUected over a one-day period using USEPA Method TO-1 sanpling protocol (Appendix G 

of the 1999 FSP). Two upwind and two downwind sorbent tube sanplers (two tubes each) 

were mstaUed around Site G; and three upwind and she downwind sorbent mbe sanplers (two 

tubes each) were instaUed at Sites H, I, and L. SanpUng locations were selected m the field 

with the concurrence of USEPA Region V or its designee. Thirteen air sanples were 

coUected for analysis of the presence of volatfle organics. 

Semivolatile Organics, PCBs and Dioxins - Twenty-four-hour cumulative duration 

polyurethane foam (PUF) samples were coUected over a one-day period using USEPA 

Method TO-13, TO-4, and TO-9 sanphng protocols (Appendix G of tiie 1999 FSP). Two 

upwind and two downwind PUF sanplers were mstaUed around Site G; and three upwind and 

six downwind PUF sanplers were instaUed at Sites H, I, and L. Sanpling locations were 

selected in the field with the concurrence of the USEPA or its designee. Thirteen air samples 

were coUected for tiie analysis of dioxm (Method TO-9), PCBs (Method TO-4), and SVOCs 

(Metiiod TO-13). 
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Metals - Twenty-fom-hour cumulative duration PM 2.5 sanples were coUected over a one-

day period using USEPA MetiKid 6010B sanphng protocol (Appendbc G of the 1999 FSP). 

Two upwind and two downwind PM 2.5 samplers were installed around Site G; and three 

upwind and six downwmd PM 2.5 samplers were mstalled at Sites H, I, and L SanpUng 

locations were selected in the field with the concurrence of the USEPA or its designee. 

Thirteen air sanples were collected for the analysis of metals. 

For more information concerning the air sanpling pnocedures that were foUowed, or the 

sipporting documentation, refer to Section 3.22 of the FSR (Volume 6). 

3.8 Ecological Risk Assessment 

As outlined in Section 3.1 of this document, an Ecological Risk Assessment was perfoimed at 

Sauget Area 1 by Menzie-Cura. Additional information concerning this assessment is 

provided in Appendix IC of the SSP, and in Section 7.0 of this document. 

3.9 PUot Treatability Studies 

Pflot treatabihty tests were to be performed on waste aiea material, sediments, and leachate to 

evaluate specific remedial technologies identified in the AOC SOW. The sediments and waste 

area material were to be tested using both on-Site thermal desorption and off-Site 

incmeration. However, the requirement to pflot test the creek sediments was eliminated after 

a UAO (see Section 2.2) requiring on-Site sedunent renooval was issued by the USEPA. 

Furthermore, a thermal desorption contractor could not be located in the United States who 

holds the RCRA and TSCA peimits required to thermaUy treat the fill area materials 

containing dioxins and PCBs. Thus, the thermal treatment pflot testing program was reduced 

to evaluating the feasibihty of incineration of fiU area materials. 

One composite organic waste sanple was produced by mixing materials generated from one 

waste boring at each of the fiU areas (Boring B3 on Site G, B3 on Site H, B2 on Site 1, B4 on 

Site L, and Bl on Site N). Boring selection was based on PID readmgs and log descriptions 
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recorded during boring advancement. The conposite sanple firom these borings was 

submitted to SafetyKleen in CoffeyviUe. Kansas for waste profihng, charaaerization, and to 

determme the feasflsihty of treatment through incineration (pflot testing). SafetyKleen is the 

only incinerator contractor located that possesses both RCRA and TSCA permits required to 

process the Site waste materials. After review of laboratory analysis of the conposite sanple, 

it was deteimined that high levels of metals (especiaUy volatfle metals such as arsenic and 

mercuiy) were present m the sanple. Metals are problematic for thermal treatment 

technologies since the treatment process does not reduce metal levels and results in either pass 

through (volatfle metals) or ash with a higher metal concentration than the original waste 

matrix. During incineration, the volatfle metals would generate significant off-gasses, which 

could cause a violation of the facflity's air permit.' The remaining metals would not be 

destroyed by the treatment process and would be present in the generated ash Thus, 

secondary treatment procedures would be required to address volatfle metals and to dispose 

the ash (stabflization, sohdification, etc.). SafetyKleen is not permitted to dn^ctly discharge 

volatfle metals and does not have requishe controls avaflable to treat such emissions. 

Persoimel at SafetyKleen estimated they would require approximately forty cubic yards of 

material for pflot testing. Persoimel at SafetyKleen further stated they would be requhed to 

modify their incinerator to treat the emissions generated from the PCBs and from the volatfle 

metals. Other concems identified with off-Site incineration involve the heterogeneous nature 

of ffll area waste and associated materials handling problems. Large pieces of concrete, brick, 

and other debris are present and would cause problems m feedmg the material into the 

incineration unit. Thus, a pre-treatment effort would be required to segregate debris that is 

not suitable for incineration. Given the potential exposure problems associated with material 

handling and other problems stated above, it was determined by SafetyKleen and Solutia Inc. 

that incineration pflot testing of the fiU area materials is not feasible. This information was 

provided to the USEPA as part of the July 2000 Area 1 monthly report. The summary 

memorandum previously provided to the USEPA is provided herein as Appendix A. 
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Leachate treatabflity pflot tests were conducted for Sites G and I to evaluate if pretreatment 

hmits can be achieved prior to disdiarge to the American Bottoms Regional Treatment 

Facflity. One leachate sanple was coDected from Site I, and one leachate sanple was 

coUected from Site G using the two-inch diameter weU instaUed at each of these fiU areas. 

These weUs were stressed so that a rqiresentative leachate sanple could be coUected for 

subsequent testing. Pflot treatabflity testing was subsequentiy conducted by the ADVENT 

Group, kicated in Brentwood, Tennessee. 

For additional information pertaining to the procedures that were foUowed during field work 

or the pflot testmg program, refer to Section 3.23 (Volume 6) of the FSR. 
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Engineering Evaluation/Cost Analysis 
Remedial Investigation/Feasibility Study 

Sauget Area 1; Sauget and Cahokia, mmois 

4.0 SUPPORT SAMPLING PLAN SITE INVESTIGATION RESULTS 

As outlined in Section 3.0 of this document, investigations have been conducted at five 

previously defined fiU areas adjacent to Dead Creek and five Creek Segments of Dead Creek. 

Additionally, ground-water, surfoce-water, soil, air, treatability study and ecological 

investigations have been conducted in Area 1. Section 3.0 provides a summary of the work 

that was acconq)lished during each of these investigations, and the FSR provides more in-

depth descriptions of the field procedures and all field documentation and logs. 

After the data from this investigation were collected and validated, the data were combined 

into separate groups and cobr dot maps were prepared to illustrate the spatial distribution of 

constituent concentrations throughout Area 1. These data groups varied depending upon the 

media that were sanqiled; however, the groups generally consisted of total VOCs, SVOCs, 

herbicides, pesticides, dioxins, PCBs, and selected inorganics (metals). One color dot map is 

provided for each of these constituent groups per area The various colors and sizes of these 

dots ref)resent different ranges of constiment concentrations, as explained on the legends of 

each drawing. These dot maps and tabulated data used to construct the maps were subtnitted 

to the USEPA as an EE/CA and RI/FS Support Sampling Plan Data Report (DR) in January 

2001. 

As pan of the SSP data evaluation process, analytical data were grouped by media, and tables 

were constructed tabulating the minimum, mean, maximum and 95 percent upper confidence 

limit concentrations for each data group. Duplicate san^sle values were averaged prior to 

calculating the statistics, and one-half the sample quantitation limit (SQL) was used as a proxy 

value for non-detected data when constituents were found in some samples and not in others. 

However, if one-half the SQL was greater than the maximum detected concentration, that 

sample was not included in the summary statistics. Constituents not found in any of the 

samples for a particular medium are not reported on the tables. In calculating the 95 percent 

upper confidence limit values, the data sets were initially evaluated using the Shapiro-Wilk 

Test for normality. The upper confidence limit based on the t-statistic was selected for a 

ROUX ASSOCIATES, INC. 4-1 Rev. 0 



Engineering Evaluation/Cost Aruilysis 
Remedial Investigation/Feasibility Study 

Sauget Area 1; Sauget and Cahokia, Illinois 

normal distribution, and the upper confidence limit based on the H-statistic was chosen for 

lognormal distributions. These tables and the previotisly constructed color dot maps are used 

in this section to present and interpret the results of the SSP investigation program The 

following subsections describe the nomenclature used in the sanple numbering and refer to 

the appropriate figures and tables. All of the data generated during this investigation and 

presented in this section are available in the DR. An analysis of the source, natiire and extent 

of contamination is presented in Section 5.0. 

4.1 Fin Area Investigation Results 

The fill area investigation initially involved efforts to accnjrately define the fill area boundaries 

at the Site. Once the fill areas and other points of interest were located, boxmdary 

confirmation trenches and waste characterization borings were located in the field using GPS 

technology. The excavation of the boundary trenches was discnissed in Section 3.1 of the 

FSR, and the results are discussed in the following subsection (Section 4.1.1). Other work 

completed in the fill area investigation included a soil gas survey, waste sampling, 

magnetometer survey, and buried drum and tank identification. The results of these 

investigations are presented in Section 4.1.2 through 4.1.4. 

4.1.1 Fill Area Boimdar}' Survey (Boundary Confinnation Trenches) 

Boundary confirmation trenches (test trenches) were used to confirm the boundaries of the fill 

areas identified through aerial photograph analysis. The original plan was to excavate a trench 

on each side of each fill area (four trenches per site). However, due to access limitations, the 

number of trenches varied per site. Additionally, test borings were substituted for test 

trenches on the west border of Site G where access was an issue. Twenty-two trenches were 

excavated, and eight test borings were advanced as shown on Figures 3-1 through 3-5. 

All four boundaries of Sites G, H, L, and N were identified during the trenching and boring 

study Only two sides of Site 1 required identification (north and east) due to general 

knowledge of the fill extent to the south and west. 

ROUX ASSOCIATES, INC. 4-2 Rev. 0 



Engineering Evaluation/Cost Analysis 
Remedial Investigation/Feasibility Study 

Sauget Area 1; Sauget and Caholda, Illinois 

4.1.2 Soil Gas Survey 

As described in Section 3.2.1 of this report. Sites G, H, L L, and N were divided into grids 

and investigated with a soil gas probe. Twenty-nine soil gas sanples were collected fiom pre­

determined grid locations. When detectable VOCs were measured during this investigation, 

additional sanples were collected abng four transects perpendicular to the respective grid 

(one transect per each side of the square grid). Thirty-six additional sanples were collected 

along these transects (four transects per grid were not possible in some cases due to access 

limitations). The sanple locations are shown on Figures 3-6 through 3-10. 

4.1.3 Waste Sampling 

As described in Section 3.2.2, four sanple borings and one screen boring were advanced at 

Sites G, H, I, L, and N. The borings were advanced through the fill area and into native soil. 

The one boring designated as the screen boring was advanced to a depth of approximately 15 

feet below the fill material One waste conposite sanple and one discrete surface soil sanple 

were collected fixtm each boring and submitted for analysis, hi addition, PID analyses were 

performed on native soils below the waste in the screen borings. 

The following subsections (Sections 4.1.3.1 and 4.1.3.2) describe the nomenclatiu^ and 

results from the surface and subsiuface fill area sanpling. The results are presented by 

reference to the corresponding color dot figures and data summary tables. Note that the data 

in the data tables have been consoUdated to present the statistical values of constituents per fill 

area. For exanple, the data fiom the surficial soil samples from all foiu* sampling locations at 

Site G were combined in tabular format to illustrate the statistical concentrations (i.e., 

minimum, mean, maximum) of each constituent at that panicular site. 

4.1.3.1 Discrete Surface Sampling Analyses 

The nomenclature used for these analyses was as follows: WASTE-G-B1-0-0.5FT. The 

'WASTE" nomenclature identifies the sanple as a fill area sample; "G" identifies the fill area 

that the sample was collected from; "Bl" identifies the boring number (four sample borings 
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per fill area); and '"O-O.S FT' identifies the sanple interval (0-0.5 feet for all discrete surface 

sanples). 

Tables 4-1 through 4-5 present the summary statistical data for the discrete surface sanpling 

analyses from the fill area surface sanples. Color dot maps displaying the discrete surface 

sanple data firom each fill area are provided as Figures 4-1 through 4-10. 

4.1.3.2 Waste Subsurface Composite Sample Analyses 

The nomenclature used for the waste composite sanples was as follows: WASTE-G-Bl-

COMP. This nomenclature is the same as for the discrete surface sanples except the letters 

"COMP" are inserted instead of a sanpling depth The label "COMF' identifies that the 

sanple was conposited over the boring profile. Sanples to be analyzed for VOCs were not 

conposited due the potential loss of volatfle organics. In these cases, the sanple interval 

replaced COMP on the sanple number. For the sanples that were not composited, the sanple 

interval that had the highest PID reading was submitted for analysis. 

Tables 4-6 through 4-10 present the summary statistic data for the waste composite sample 

analysis from the fill areas. Color dot maps displaying the waste composite data from each fill 

area are provided on Figures 4-11 through 4-17. Constituent concentrations detected in the 

waste composite sanples were determined in a laborator>' using the TCLP method with the 

exception of sulfide, pH, cyanide and PCB analyses. 

4.1.4 Buried Drum and Tank Identification Results 

In addition to surface and waste material sampling, test trenches were excavated at each of the 

source areas (except Site M) to confirm the presence or absence of buried metallic containers 

(tanks or drums). One test confirmation trench was excavated at Sites G, H. L. and N Two 

confirmation test trenches were excavated at Site I. 
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Most of the waste encountered during the test confinnation trenching was glass containers, 

wood and metal debris, pq>er documentation (bill of lading, invoices, brochures, etc.) and 

miscellaneotis trash Although the investigation targeted pxstential hot spots, no buried tanks 

or drum caches were bcated. The nuniber of drums that were located as a result of the test 

confirmation trenching is as follows: 

SiteG 11 
Site H Uiiknown, fbtmd several drum fragments and drum lids 
Site I Approximate^ 12 
SiteL 18 
Site N 8 plus additbnal drum fragments 

None of the drums that were located dining the drum and tank identification study were intact 

[except for one intact drum that was bcated during a fill area boundary confirmation trench 

(see FSR for details)]. Most were either crushed or rusted and were not capable of hokiing 

liquid contents. Solid contents were noted in some of the buried drums. Each of the source 

areas was restored to its original conditbn at the conclusion of trenching operations. 

4.2 Groimd-Water Investigation Results 

As described in Section 3.3 of this doctunent, ground-water sanples were collected to further 

dehneate ground-water conditions in Area 1. For purposes of this discussion, the shallow 

hydrogeologic unit (SHU) in the unconsolidated alluvial aquifer includes the interval from the 

ground surface to a depth of 30 feet. The middle hydrogeologic unit (MHU) ground-water 

zone includes the depth interval of 30 to 70 feet. The deep hydrogeologic unit (DHU) 

includes the interval from a depth of 70 feet to bedrock. Existing and new locations were 

sampled to obtain representative ground-water samples for the following general conditions: 

• Fill Area Ground-Water Sanpling - sanpling of the shallow ground-water zone within 

or adjacent to Sites G, H, I and L 

• Alluvial Aquifer Sanpling - sanpling beneath Sites H and 1 in the MHU and DHU 
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• Downgradient Alluvial Aquifer Sanpling - sanpling downgradient and cross-gradient 

fiiom Sites G, H, I and L within the SHU, MHU, and DHU 

• Alluvial Aquifer/Bedrock Interface Sanpling - sanpling of ground water within the 

alluvial aquifer/bedrock interface beneath Sites G, H and I 

• Shallow Residential Area Groimd-Water Sanpling - sanpling of the SHU and MHU 

within residential areas 

• Time-Series Sanpling - sanpling at specific time intervals after sustained punping of 

the SHU and MHU in residential areas 

• Domestic Well Sanpling - sanpling fipom existing domestic wells 

• Upgradient Ground-Water Sanpling - sampling of die SHU, MHU, and DHU 

upgradient of Sites G, H, I and L 

Sections 4.2.1 through 4.2.6 describe the nomenclature and results from the ground-water 

sampling program The results are presented by reference to the corresponding color dot 

figures and data summary tables. The ground-water data for all of the areas are presented in a 

consolidated set of figures (Figures 4-18 through 4-27) by constituent categor)'. The data in 

the data summary tables have been consoUdated to present the statistical values of constituent 

concentrations in selected areas. For exanple, the data from the ground-water sanpling near 

(fill area sanpling), downgradient, and southwest of Site 1 (Table 4-11) and Sites G, H, and L 

(Table 4-12) have been consolidated. Thus, summary statistics from these tables represent 

data points from several areas that are inclusive in one or more of the following subsections 

Furthermore, ground-water data from all residential areas (including the domestic wells) are 

combined in Table 4-13. Ground-water data from the upgradient locations were not included 

in the data summary tables. 
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4.2.1 FID Area Ground-Water Sanqiling 

Fill area ground-water sanpling consisted of collecting ground-water sanples fipom within or 

adjacent to Sites G, H, I and L. The following wells were included in the fill area ground­

water sanpling (wells which were inaccessible for sanpling were sanpled by installing an 

adjacent probe point location and are designated by the sufiix GP): 

SITEG 
EE-05 

EEG-101 
EEG-102 
EEG-104 
EEG-106 
EEG-107 
EEG-111 
EEG-112 

SITE H 
EE-01 
HE-02 
EE-03 

EEG-110 

SITE I 
EE-12-GP 
EE-13-GP 
EE-14-GP 
EE-15-GP 

SITEL 
EEG-103 
EEG-105 
EEG-109 

Thus, the nomenclature for the fill area ground-water sanpling results was either the 

correspondmg well number where the sanple was collected, or the well number foDowed by 

the symbol GP. EEG-111 was described in the Support Sanpling Plan as "South of Site G," 

so it was grouped with the Site G data 

Generally, sanples were obtained firom wells with screen intervals above 30 feet below grade. 

One location, EE-14 was screened to a depth of 38 feet; however, this is still believed to be 

within the depth of Fill Area I. Tables 4-11 and 4-12 present the summary statistic data for 

the ground-water sanples collected adjacent to and downgradient of Sites I, and Sites G, H, 

and L, respectively. Color dot maps displaying the fill area ground-water sampling results are 

provided as Figures 4-18 through 4-27. 

4.2.2 Alluvial Aquifer Sampling 

Alluvial aquifer sanpling consisted of coUecting ground-water samples from the MHU and 

DHU beneath Sites H and 1. The nomenclature used for this sanpling was as foUows: AA-H-

Sl. The label "AA" identifies that the sample is a ground-water sample coUected from the 
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aUuvial aquifiEr. The label "H" identifies that the sanple was collected from beneath Site H, 

and the label "SI" identifies the sanple number. 

Sanpling stations AA-H-Sl and AA-I-S4 were instaUed to sanple at discrete depth intervals 

beneath Sites H and I, respectively. Sanples were coUected between depths of 44 feet and 

105 feet below ground surface. Tables 4-11 and 4-12 present the summary statistic data for 

the ground-water sanples coUected adjacent to and downgradient of Sites I, and Sites G, H, 

and L, respectively. Color dot maps displaying the constituent concentrations from the 

sanpling efforts are provided on Figures 4-18 through 4-27. 

4.2.3 Downgradient Alluvial Aquifer Sampling 

Downgradient aUuvial aquifer sanpling inchiding sanplii]g of three-weU transects 

downgradient of Site I, downgradient of the combined Sites G, H and L, and southwest of 

Sites G, H, I and L, respectively. The three-weU transects conprised the foUowmg sanpling 

stations: 

Downgradient of 
Sitel 

AA-l-Sl 
AA-1-S2 
AA-1-S3 

Downgradient of Sites 
G,H and L 

AA-GHL-Sl 
AA-GHL-S2 
AA-GHL-S3 

Southwest of Sites 
G, H, 1 and L 
AA-SW-Sl 
AA-SW-S2 
AA-SW-S3 

In all cases, stations with the S] suffix are closest to the fill areas, and stations with the S3 

suffix are farthest from the fUl areas. Ground-water sanples were coUected from the SHU, 

MHU, and the DHU. Sarrple collection began at the static water table and continued ever)' 

ten feet until bedrock was encountered. 

Twenty-eight discrete zone ground-water sanples were coUected from the three-weU transect 

downgradient of Site 1. Thirty-one discrete zone ground-water samples were coUected from 

the three-weU transect downgradient of Sites G, H, and L. Thirty discrete zone ground-water 

samples were coUected from the three-weU transect southwest of Sites G, H, 1, and L. Tables 
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4-11 and 4-12 present the summaiy statistic data for the ground-water sanples coUected 

adjacent to and downgradient of Sites I, and Sites G, H, and L, respectively. Color dot m ^ s 

displaying the constituent concentrations are provided as Figures 4-18 through 4-27. 

4.2.4 Upgradient Sampling 

Upgradient ground-water sanpling consisted of obtaining sanples firom the shaUow, middle 

and deep hydrogeobgic units firom each of three sanpling locations. UGGW-EE-20 was 

bcated upgradient of Site I. UGGW-EE-04 was located upgradient of Site H. UGGW-EEG-

108 was located upgradient of Site L. A total of nine ground-water sanples was coUected. 

Color dot maps displaying the constituent concentrations are provided as Figures 4-18 

through 4-27. 

4.2.5 Shallow Residential Area, Time-Series and Domestic Ground-Water Sampling 

Ground-water sanples were collected firom two locatbns representative of residential areas. 

Both locations were located in the central portion of Area 1. Three sanples were coUected 

from each weU at approximate depths of 15 feet, 20 feet and 40 feet, for a total of sue sanples. 

FoUowing the initial sanpling, the bcations were punped over a period of 24 hours and 

sanples were coUected at the start of punping, after 12 hours of punping, and after 24 hours 

of pumping. The data from the shaUow residential area sanpling are summarized in Table 4-

13. Color dot maps displaying the constituent concentrations are provided as Figures 4-18 

through 4-27. 

Four domestic weUs were sanpled. These wells are located in the central portion of Sauget 

Area 1, and are less than 5(X) feet firom one another. The data for this sanphng event are 

summarized in Table 4-13 (the data from the domestic weU ground-water sampling events 

were combined with the shaUow residential ground-water sanples). Color dot maps 

displaying the constituent concentratbns are provided as Figures 4-18 through 4-27. 
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4.2.6 Ground-Water Flow Direction and Shig Tests 

To determine the ground-water flow direction at Area 1, the potentiometric surface was 

measured m nine sets of wells as described in Section 3.3.2. These weUs were screened in the 

SHU, MHU and the DHU. These data were plotted on a drawing and contoured to deteraiine 

the ground-water flow direction for aU three hydrogeologic units. Figures 4-28 through 4-33 

show these potentiometric surface contours for the ground-water data coUected during the 

first and second quarters of 2000. The ground-water flow direction is to the west at an 

^proximate gradient of one foot vertical to 1,(XX) feet horizontal. Tlie ground-water flow 

direction in the wells screened in the alluvial aquifer/bedrock interface is also to the west. 

Fifteen slug tests were conducted to determine the hydrauhc parameters of the SHU, MHU, 

and DHU, as described in Section 3.3.3. Slug test locations are shown on Figure 4-34, with 

the prefix "ST". Table 4-14 summarizes the results firom these tests. Supporting 

documentation, such as selected raw data and the data type curves, are provided in Appendix 

B. HydrauUc conductivity for the SHU ranged firom 2.44 x 10'' to 2.71 x 10* centimeters per 

second (cm/s), 2.14 x 10'̂  to 5.07 x 10'̂ cm/s for the MHU, and 1.37 x 10'̂  to 1.27 x lO' 

cm/s for the DHU. 

4.3 Soil Investigation Results 

As presented in Section 3.4.1 of this document, soil sanples were coUected along seven 

transects in Area 1 to evaluate the extent of migration due to overbank flooding and wind­

blown dust deposition. The seven transects are located in undeveloped areas in Area 1. 

TTiese transects extended perpendicularly from Dead Creek, and the sampling stations were 

located on 200-feet intervals along each transect. In addition, three more sarrpling stations 

were placed in developed areas adjacent to transects 1 through 6, and two developed area 

sampling stations were placed adjacent to transect 7. 
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The foUowing subsectbns (Sections 4.3.1 through 4.3.3) describe the nonoenclature and 

results firom the surface and subsniface soil sanpling. The results are presented by reference 

to the corresponding color dot figures and data summary tables. Note that the data summary 

tables have consoUdated data firom aU transects in the undeveloped and developed areas. 

Thus, the data firom the surficial soil sanples firom aU undeveloped and developed transects 

were conibined in tabular format to illustrate the statistical concentrations of each constituent 

throughout Area 1. This table (Table 4-15) is titled Floodplain Soils - Surface Sanple 

Summary. Likewise, aU subsurfiace soils in each transect were combined and are presented in 

a single table (Table 4-16) titled Fbodplain Soils - Subsurface Sanple Summary. Data firom 

the background soil sanples were not included in the data summary tables. 

4.3.1 Undeveloped Area Soli Sampling 

Forty-five sanpling stations were placed along seven transects in imdevebped areas in Area 1. 

At each of these sampling statbns, one surface sanple and one subsurface soU were coUected 

and analyzed for cyanide, dioxins, hefbkddes, mercury, metals, PCBs, pesticides, SVOCs, and 

VOCs. The surface sanple was coUected at the ground surface down to a depth of 0.5 feet, 

and the subsurface soil sanple was coUected at an interval firom three to six feet. Each 

sampling station was labeled with a designation defining the transect number, sanple number, 

and sanple depth An example of this nomenclature is the foUowing: "UAS-T1-S1-0-0.5FT'. 

"UAS" identifies that the sanple matrix is soil and was coUected from an undeveloped area. 

'TI" identifies the transect number, "SI" identifies the sanple number, and "0-0.5FT' is the 

sampling interval. Note that the lower sanple numbers correspond to samples closer to Dead 

Creek. For example, sanple number 1 (or SI) is located near the edge of Dead Creek in aU 

transects, S2 is approximately 200 feet from Dead Creek, and each consecutive sample 

number represents a sampling station that is 2(K) feet farther along the transect. S7 is located 

approximately 1,2(X) feet from Dead Creek. The shaUow soil and subsurface soil sampling 

statistics and results in the imdevebped and developed areas (combined) are summarized in 

Tables 4-15 and 4-16, respectively. Color dot figures displaying the constituent 

concentrations at each sanpUng location are provided as Figures 4-35 through 4-44 for the 
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discrete siuface sanples, and Figures 4-45 through 4-54 for the verticaUy-integrated 

subsurface soD samples in the undeveloped areas. 

4.3.2 Developed Area Soil Sampling 

Twenty sanpling stations were placed along seven transects in developed areas in Area 1. At 

each of these sanpling stations, one surface sanple and one subsur^e sofl were coUected and 

analyzed for cyanide, dioxins, herbicides, mercury, metals, PCBs, pesticides, SVOCs, and 

VOCs. Each sanpling station was labeled with simflar designations as was used for the 

undeveloped areas (Section 4.3.1), except DAS (meaning developed area sanple) replaced 

UAS. The sbaUow soil and verticaUy-integrated subsurface sofl sanpling statistics and results 

in the undeveloped and developed areas (conibined) are summarized in Tables 4-15 and 4-16, 

respectively. Color dot figures displaying the constituent concentrations at each sanpUng 

location are shown on Figures 4-35 through 4-44 for the discrete surface sanples, and Figures 

4-45 through 4-54 for the verticaUy-integrated subsurface sofl sanples. 

4.3.3 Background Soil Sampling 

As discussed in Section 3.4.3, three shaUow sofl samples and three subsurface sofl samples 

were collected near background monitor wells to establish backgroimd sofl conditions in Area 

1. The samples were numbered with nomenclature that defined the background weU and 

sampling depth such as: BS-EE-20-0-0.5FT. The "BS" stands for background sample, "EE-

20" identifies the background monitor weU that the sample was coUected near, and the 

remainder of the label identifies the sample depth The results from the background sampling 

program are shown on Figures 4-35 through 4-54. 

4.4 Creek Segment Investigation Results 

The Creek Segment investigation involved coUecting sediment samples from Area 1 Creek 

Segments CS-B through CS-F, in addition to three areas which are hydraulicaUy connected to 

Dead Creek (Borrow Pit Lake, Old Prairie duPont Creek, and Site M). Sediment samples 

from these areas were analyzed for industry-specific constituents and broad-scan constituents. 
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The sediment sanpling results from tliese two sets of parameters are discussed in the 

foUowing subsections. Tiie results are presented by reference to the corresponding color dot 

figures and data summary tables. 

4.4.1 Creek Segment Investigation (Industry-Specific Constituents) 

This section discusses the results of sanpUng and analjrsis for industry-specific constituents. 

These sanples were coUected firom tlie undeveloped Creek Segments, developed Creek 

Segments, and the Borrow Pit Lake. 

4.4.1.1 Undeveloped Area Creek Sediments (CS-B and CS-F) 

VerticaUy integrated sediment core sanples were coUected at approximate 2(X)-feet intervals 

in Creek Segments B and F as outlined in Section 3.5.1.1 of this document. The total 

approximate length of Creek Segments B and F is 10,(X)0 feet, and 50 sediment sanples were 

coUected. Each sanple was analyzed in an off-Site laboratory for the industry-specific 

constituents listed in the previous sectbn 

The sediment sanples were coUected in Creek Segments B and F at the locations shown on 

Plate 4-1. Note that the sanple locatbns are designated with a numbering system simflar to 

the foUowing: 'FASED-CSB-S1-20IN". The 'FASED" denotes "focused analysis sediment 

sample"; the "CSB" identifies the Creek Segment; the "SI" identifies the sediment sanple 

number in the respective Creek Segment; and the "20IN" identifies the depth (in this case, 20 

inches) from which the sanple was coUected. Some of the samples also have the directional 

symbol "N", "S", "E", or "W" next to the sanple number (for example, SIW). The 

directional symbol identifies the side of Dead Creek from which the sample was coUected. Ten 

sediment sanples were coUected from Creek Segment B, and 40 sediment samples were 

coUected from Creek Segment F. The results from this sanphng program are presented in 

Tables 4-17 and 4-18 for Creek Segments B and F, respectively, and are iUustrated on color 

dot maps (Figures 4-55 through 4-59). 
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4.4.1.2 Developed Area Creek Sediments (CS-C, CS-D and CS-E) 

VerticaUy integrated sediment core sanples were coUected at approximate 150-feet intervals 

in Creek Segments C, D and E as outlined in Section 3.5.1.2 of this document. The 

approximate conibined length of these three Creek Segments is 7,000 feet, and 47 sediment 

sanples were coUected. 

The sediment sanples were coUected in Creek Segments C, D, and E at the locations shown 

on Plate 4-1. Note that the sanple locations in the developed Creek Segments are designated 

with the same numbering system as the sanples coUected in the undeveloped areas (i.e. 

'FASED-CSC-S1-20IN"). For an explanation of this numbering sjfstem, refer to the previous 

section. 

Twelve sediment sanples were coUected firom Creek Segment C; nine sanples were coUected 

from Creek Segment D; 26 sanples were coUected firom Creek Segment E. The results are 

presented in Tables 4-19, 4-20, and 4-21 for Creek Segments C, D and E, resf)ectively. The 

results from these three creek segments are also fllustrated on color dot maps (Figures 4-55 

through 4-59). 

4.4.1.3 Borrow Pit Lake 

The Borrow Pit Lake is a 6,000-feet long body of water extending from the end of CS-F to a 

point just northwest of Dead Creek (Plate 4-1). The eight sediment samples coUected from 

this lake start with sanple number FASED-BPL-Sl-0-lOlN (or sampbng station BPLl) at the 

northem end of the lake, and proceed southward on a 400-feet interval spacing with 

increasing sanple numbers The sample nomenclature is that same as described in Section 

4 4.1.1; except that "BPL" stands for Borrow Pit Lake. The sample number FASED-BPL-

S8-0-91N (or sanpling station BPL8) is the southernmost sample and is located approximately 

1.200 feet north of the intersection of Borrow Pit Lake and Dead Creek (see Plate 4-1). The 

results from this sanpling program are iUustrated on color dot maps (Figures 4-55 through 4-

59). 
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4.4.2 Creek Segment Investigation Results (Broad-Scan Constituents) 

The sanples analyzed for broad-scan constituents were collected firom the undeveloped and 

developed C^ek Segments, Site M, the Borrow Pit Lake, and the Old Prairie du Pont Creek. 

4.4.2.1 Dead Creek Sediments, Borrow Pit Lake and Reference Areas 

Three sediment sanples were collected firom each of the Creek Segments B, C, D, E, and F. 

In addition, three sediment sanples were collected at the Borrow Pit Lake and firom two 

reference areas. The nomenclature used to identify these sanples is similar to the foUowing: 

"SED-CSB-S1-0.2FT'. This nomenclature is identical to the labels used for the industry 

specific constituents, except that the symbol "SED" (which stands for sediment) is used in 

place of "FASED". The results firom this sanpling program are presented in Tables 4-17 

through 4-21 (creek segments) and 4-22 (reference areas), and are iUustrated on color dot 

figures (Figures 4-60 through 4-69). 

4.4.2.2 Site M and the Old Prairie du Pont Creek 

Site M is located along the eastern side of Dead Creek Segment B and south of Site L. Site 

M was originaUy used as a sand borrow pit and is connected to Dead Creek through an 

opening at the southwest comer of the site. One sanple was coUected firom Site M and is 

labeled "SED-M-Sl-0.2Fr'. The nomenclature "SED" identifies a sediment sanple; "M" 

designates Site M, "SI" designates the sample number, and "0.2 FT' identifies the sanple 

depth. 

The Old Prairie duPont Creek is located at the southern (downstream) end of Creek Segment 

F and routes aU of the water from Dead Creek to the Mississippi River. To evaluate the 

impact of the Dead Creek discharge on sediment quahty in Old Prairie duPont Creek, one 

sample was coUected upstream and one sanple was coUected downstream of the confluence 

of Dead Creek and Old Prairie duPont Creek. The two sediment sanples that were coUected 

from this Creek Segment are numbered in the foUowing manner: BSSED-PDC-S-0-30IN and 

BSSED-PDC-N-O-20IN. The nonnenclature "BSSED" identifies the sanphng parameters as 
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broad scan sediments; the "PDC identifies that the sanple was coUected at OW Prairie 

duPont C!reek; the "N" and "S" identify that the sanple was coUected north and south of the 

Old Prairie duPont Creek and Dead Creek mtersection, respectively; and the "0-20IN" 

identifies the sanpling interval. 

The sanple results fiom Site M and the Old Prairie du Pont Creek are presented in Tables 4-

23 (Site M), and 4-24 (Old Prairie du Pont Creek), and are iUustrated on color dot figures 

(Figures 4-60 dirough 4-69). 

4.5 Surface-Water Investigation Residts 

Surface-water sanpling was conducted at Dead Creek, Site M, the Borrow Pit Lake, Old 

Prairie duPont Creek and two reference areas to determine the downstream concentrations of 

Site-related constiments. Twenty surface-water samples were coUected and analyzed for 

VOCs, SVOCs, PCBs, pesticides and herbicides, dioxins, metals and misceUaneous, general 

water-quaUty parameters. Sufficient water was not avaflable to sanple three of the stations in 

CS-C and two of the stations in CS-E. Analytical results are summarized in Tables 4-25 

through 4-28 (Dead Creek), Table 4-29 (Site M), Table 4-30 (Old Prairie duPont Creek), and 

Table 4-31 (Reference Areas). Color dot maps displaying the constituent concentrations at 

each sarrpling location are provided as Figures 4-70 through 4-79. 

4.6 Air Investigation Results 

Upwind and downwind air sanpling was performed at Sites G, H, 1 and L to determine the 

concentrations of VOCs, SVOCs, PCBs, dioxins and metals upwind and downwind from fill 

areas Sampling results are summarized on color dot maps (Figures 4-80 through 4-87) and 

are presented in Tables 4-32 (upwind) and 4-33 (downwind). Data provided in the figures are 

presented on a mass analyzed per sampling device basis and are converted to mass per cubic 

meter of sample air volume in the Tables. 
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4.7 Ecological Risk Assessment 

In addition to sediment and shaOow sofl sanples, biota sanples were coUected firom Creek 

Segment F, the Borrow Pit Lake and Reference Areas to support the ERA. Two sanples 

each of creepy buttercup were coUected firom CS-F and Reference Areas. Three conposite 

freshwater clam sanples each were coUected firom the Borrow Pit Lake and Reference Areas. 

One conposite shrinp sanple was collected firom Borrow Pit Lake; two conposite shrinp 

sanples were coUected firom the Reference Areas. Fish sanples included: three conposite 

largemouth bass sanples firom the Bottom Pit Lake and two each firom the Reference Areas; 

three conposite brown bullhead sanples firom the Borrow Pit Lake and three from the 

Reference Areas; and three conposite forage fish sanples firom the Borrow Pit Lake and four 

from the Reference Areas. Analytical results are summarized in Tables 4-34 through 4-41. 

4.8 Treatability Study Results 

As discussed in Section 3.9, treatability studies conpleted as part of the SSP were limited to 

pflot tests to evaluate potential treatment technologies for fiU area leachate. The purpose of 

the testing was to screen the feasibility of technicaUy sound, operationaUy reUable and cost-

effective technologies for treating the Area 1 leachate in the event such leachate requires 

removal, treatment and subsequent discharge to the American Bottoms Regional Treatment 

Facflity. 

Twenty-five gaUons of leachate were coUected from both Site G and Site I and shipped to the 

Advent Group, Inc.'s (Advent's) treatabihty testing laboratory in NashviUe, Tennessee. The 

Site G and 1 sanples were subsequently composited into a 55-gaUon drum and sampled for 

characterization purposes. The combined leachate sample characterization data confirmed and 

quantified the presence of individual COPCs. AU leachate characterization data and treatabflity 

testing results are presented in Advent's November 20(K) report titled Sauget Area I, EE/CA-

RI/FS Support Sampling Plan, Leachate Treatability Tests. 

ROUX ASSOCIATES, INC. 4-17 Rev. 0 



Engineering Evaluation/Cost Analysis 
Remedial Investigation/Feasibility Study 

Sauget Area 1; Sauget and Cahokia, Illinois 

Treatment teclmobgy test methods enployed by Advent were as fbflow: 

Treatment Technology 

Chemical precipitation using lime and caustic 

Oxidation with hydrogen peroxide and ozone 

Rltration 

Activated carbon adsorption 

Biological treatment 

Batch Test Method 

Jar tests 

Jar tests 

Filtration at various pore sizes 

Isotherm and column tests 

Batch tests 

Treatment test results are summarized as foUow: 

• Metals can be effectively removed by pH adjustment and chemical precipitation. 

• PCBs and total suspended soUds can be effectively removed by ffltration. 

• Activated carbon adsorption can effectively renaove PCBs, herbicides, SVOCs, VOCs 

and dioxins; however, total TOC loadings and adsorption rates indicate rapid column 

exhaustion rendering the technology more suitable as a final polishing step. 

• Biological treatment (activated sludge) and oxidation (hydrogen peroxide or ozone) 

appear to be technicaUy feasible options for treating the organics in the leachate. 
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